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Europe’s first satellite 


goes into orbit in 1968. 


How would you like 
to be a member of the team 
that puts it there? 


Hawker Siddeley Dynamics has the most experienced space design 
team in Europe. We designed and built the first stage of the European 
satellite launcher for ELDO. We're designing and building the first 
European satellite for ESRO. And we’ve plenty of other projects up 
our sleeve. 

As you might expect with an expanding programme like this we 
have a constant demand for technical staff. At the moment we need : 

electrical and electronic engineers 

mechanical and structural engineers 

aeronautical engineers 

systems and dynamics engineers 

physicists 

mathematicians and programmers 
Among the work we shall be undertaking is the design of launch 
vehicles and sounding rockets, guidance systems, solar and nuclear 
powered generators, radio and telemetry equipment, autopilots and 
control systems for satellites and computer systems for spacecraft. 

The work will be done at Stevenage and in London and some 
of the jobs may mean travelling to Europe to liaise with other 
contractors. 

If you would like to join our team, please write now to our 
Personnel Manager (quoting 494). Tell him about yourself — he’l! 
fix an interview and treat it confidentially. 


Hawker Siddeley Dynamics, Stevenage, Herts 
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MILESTONES 
Oct 31. Japan launches Mu-1 test-rocket from Kagoshima Space Centre. 
Nov 3 US Air Force launches “boilerplate’’? MOL/Gemini combination aboard 


Titan 3C from Cape kennedy: Gemini spacecraft makes successful sub- 
orbital re-entry as remainder of vehicle climbs into orbit. 


US launches Orbiter 2 from Cape Kennedy. 

Orbiter 2 becomes Moon-Satellite. 

US launches Gemini 12—last of NASA series—withastronauts James Lovell 
and Edwin Aldrin. Aldrin achieves record EVA of 2 hr 9 min 25 sec 
during four-day mission. 

Europa F-5 with HSD Blue Streak first stage successfully launched at 
Woomera including separation of inert upper stages. 


COVER 

Spring should see the first launching of the Saturn 5 space rocket from Merritt 
Island, Florida. Complete with Apollo Command and Service modules, the 
vehicle stands 362 ft tall; fully fuelled it weighs 6 100000 Ib. After a series of 
test launchings it will be man-rated in preparation for the attempt to land 


astronauts on the Moon beginning in 1969. . . 
North American Aviation 





space Projects in the 


United Kingdom 


By Staff of the Space Department, Royal Aircraft Establishment, Farnborough 





Early spring should see the launching in America of two 
major satellite ventures in which Britain has played a leading 
role. These are UK-3, the first all-British satellite and 
ESRO-2, the first satellite to be developed internationally in 
Western Europe. In these and other projects, such as Skylark, 
Black Arrow and Blue Streak, Britain is slowly emerging into 
the mainstream of space technology. 





Introduction 

Space projects being undertaken in the United Kingdom, 
as in other countries, largely sprang from military programmes 
in guided weapons and ballistic missiles. The Blue Streak 
rocket, for example, began life as an intermediate range 
ballistic missile, but it has now completed its metamorphosis 
to form the first stage of Europa 1—a satellite launcher being 
developed jointly by several European countries. 

Black Knight, a smaller liquid-propellent rocket, had 
similar origins, but is now used for scientific purposes. As 
with Blue Streak, it should be possible to adapt Black Knight 
as the first stage of a satellite launcher, and this concept has 
received detailed study. The resulting vehicle, Black Arrow, 
is described briefly, together with some thoughts on the types 
of satellites it is hoped to launch 

The solid-propellent Skylark rocket, shown with the 
other three vehicles in Fig. 1, has been used for many years 
for upper-atmosphere research; more recently, it has been 
provided with an attitude control system to increase its 
versatility as a space research tool. Sun-stabilized vehicles 
have already been launched, and work is in progress on 
moon-pointing and star-tracking systems. 

The paper includes a brief description of the U.K.3 
satellite, which will be the third satellite to be launched in the 
Anglo-American programme. It is, however, the first to be 
built in the United Kingdom; the other two (which are 
already in orbit) contained United Kingdom experiments, 
but were manufactured in America. Mention is also made 
of some of the facilities which are available in the Royal 
Aircraft Establishment for the testing of this and other 
satellites in the space environment. 


Sk vlark 

Design work on the Skylark rocket was started at the 
Royal Aircraft Establishment almost exactly ten years ago, 
and the first flight was made in February 1957. Since then 
well over a hundred Skylarks have been launched with a 
remarkably high success rate, and in fact it is still one of the 
most useful research rockets, within its performance range, 
in the world. 

The basic vehicle design is shown in Fig. The nin 
propulsion stage is the Raven solid propellent motor of 174 
in diameter and a burning time of about 30 sec. The head 
is assembled from a number of standard compartments and 
a nose cone of 74° semi angle. A typical overall length is 
about 30 ft, excluding the (optional) Cuckoo boost. Standard 
facilities include a parachute bay, a split nose cone, telemetry 
and “house-keeping” instrumentation. The arrangement of 
payload compartments and connectors is such that each 
experimenter can usually work on the compartment allocated 


This paper was read at the Sixth International Symposium on 
Space Technology and Science, Tokvo, November—December 
1965. Crown Copyright Reserved. Reproduced by permission 
of the Controller, H.M. Stationery Office. 


to him in his own laboratory, so that only final integration 
checks are necessary when the vehicle is assembled. 
A typical weight break-down is as follows :— 

1800 Ib 

400 Ib 

100 Ib 

100 Ib 

150 Ib 


Propellent 

Motor case 

Fin assembly 
Forward structure 
Payload 


2550 ib (excluding Cuckoo boost) 


The performance of Skylark is indicated in Fig. 3. Curves 
relating peak altitude and head weight are shown for the 
Raven VIIA motor with and without Cuckoo boost, and 
also for the boosted Raven VIA motor, which is not yet, 
however, in regular use. 

The rocket system was designed to make the lowest possible 
demands on the scientific payload. Accelerations are less 
than 13g, vibration is at a low level, temperatures in the 
vehicle are usually between 30° C and 50° C and the payload 
compartments are pressurized. 
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All illustrations Royal Aircraft Establishment, 
Crown Copyright Reserved. 
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Skylark was the first space research vehicle in the United 
Kingdom and is still in regular use for upper atmosphere 
research work. Many groups from Universities and Govern- 
ment Establishments are involved in this programme, and 
hundreds of experiments have already been flown, covering 
such different fields as wind and temperature profiles; airglow, 
electron density measurements by probe and propagation 
techniques, solar and stellar radiation, geomagnetic measure- 
ments, micrometeorites and radio astronomy. 

The highly successful series of grenade experiments by the 
Meteorological Office and University College, London 
University, has now been concluded. The group of four 
rounds fired in one night in 1963, and seven in one night in 
1965 allowed diurnal variations to be studied for the first time. 

Many of the experiments designed originally for Skylark 
are now better known for their use in satellites, usually after 
some modification. The Skylark programme provided the 
right stimulus and facilities to research groups and the result 
has been a good flow of satellite experiments from the U.K.., 
all well proved in rocket flight. The relation to satellite 
work is further illustrated by two rockets fired in April and 
September 1964; these carried broad-band ozone detectors 
similar to those flown in the satellite Ariel 2. The flights 
were timed to correspond with a satellite pass over Woomera, 
so that the satellite experiment could be calibrated from the 
Skylark results. 

The first stellar U.V. observations of the southern sky were 
made from Skylark, the slow Eulerian motion being well 
suited to scanning experiments. In addition to these U.K. 
experiments, four Skylarks have been instrumented and 
successfuliy flown by American scientists in order to examine 
the southern sky in the ultra-violet, and firings have taken 
place from Sardinia as part of an ESRO programme based 
on Skylark. 

The value of the Skylark rocket as a research tool has 
recently been greatly extended by the introduction of an 
attitude control system, so that the payload can be stabilized 
in a given direction—e.g., towards the Sun or the Moon. 
In this system, which is more fully described elsewhere,* 





* “Development of Gas Jet Attitude Control Systems,” b) 
4. G. Earl and A. P. Maclaren. This paper was presented at the 
Sixth International Symposium on Space Technology and Science, 
Tokvo, 1965. 
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Fig. 3. Skylark performance. 


control moments are obtained by the reaction of nitrogen 
stored at a pressure of 200 atmospheres and released through 
small jets, operated in the “‘on-off’’ mode. 

In its sun-pointing role, the lateral accuracy of the present 
system is 10 arc minutes, with less than one minute due to 
“noise.” In roll the nominal accuracy is 5°, with 1° noise 
when the magnetic and solar vectors are orthogonal. The 
sun attitude error signal is derived from fine and coarse 
solar cell sensors with special non-linear shaping determined 
by the geometry, while roll position is obtained from a 
fluxgate magnetometer in conjunction with a_ resolver. 
Angular rates are also available from rate gyroscopes which 
form part of the standard Skylark instrumentation. 

The control bay, which contains all the control equipment 
apart from the magnetometer and rate gyroscopes, is 14-6 in 
long and weighs 91 Ib. 
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When the round reaches an altitude of about 50 miles the 
spent motor is separated from the head and the “eyelids” 
covering the optical sensors are automatically uncovered. 
Three seconds later the nose cone is released, and after a 
further nine seconds the control system is switched on. At 
this stage the payload may have any attitude with respect to 
the Sun direction, and the time required to stabilize about 
the three axes depends on the initial orientation and angular 
rates. Typically, a time of about 15 seconds is sufficient for 
this phase. 

Three very successful flights have been made with this 
system; although the main purpose has been to prove the 
control mechanism, exceptional scientific results were 
obtained from the exneriments carried. For example, one 
experiment by the Culham Laboratory of the U.K.A.E.A. 
used a mechanical fine alignment servo having an RMS 
error of 2 to 3 arc seconds to maintain the image of the 
solar limb in the centre of a normal incidence spectrograph 
with a recording range of 500 to 2500 A. A detailed analysis 
is in progress, but it is known that records have been obtained 
of many emission lines which have not hitherto been observed 
in the solar spectrum. 


A grazing incidence spectrograph was flown in the first 
two heads to prove the instrument for use with later vehicles 
at greater altitude. Each round also carried a_ pinhole 
camera array for solar X-ray and U.V. photography; in the 
last flights this was combined with a diffraction grating to 
yield monochromatic images in the region below 400 A. 


The University of Leicester experiments in the same rounds 
provided pin-hole photographs of the Sun in various wave- 
length bands below 50 A. As with the other experiments, 
results were of high quality and exceptional interest. 

Work on the attitude control of Skylark is continuing 
vigorously, and it is intended to improve the accuracy still 
further by various modifications of the sensors and refine- 
ments in the control system. In addition, star sensors are 
being developed, in order to extend the range of space experi- 
ments which can be carried by this versatile vehicle. 


Biue Streak 


In April 1960, the development of Blue Streak as a Medium 
Range Ballistic Missile was well advanced; following its 
cancellation as a weapon, the Royal Aircraft Establishment 
evaluated its capability as a satellite launching vehicle, in 
combination with other rocket stages. Out of this work 
sprang the joint Anglo-French proposals for a European 
satellite launcher, put forward to the Strasbourg Conference 
in February 1961, and leading eventually to the ELDO 
project Europa 1. 

In considering how Blue Streak could be adapted for its 
role as first stage of the Europa | vehicle it was important to 
limit the scope of major structural or propulsion changes, in 
view of the advanced state of the development and because 
of the heavy cost, in both time and money, of such changes 
on so large a vehicle. Engineering assessments indicated 
that comparatively minor work would enable Blue Streak to 
boost upper stages totalling some 16 tons to about 10000 
ft/sec at 200 000 ft altitude; this involved a new forward 
adaptor and separation bay to accept the second stage, an 
increase of about 10° in the engine thrust, and minor struc- 
tural changes necessitated by the more severe kinetic heating 
and autopilot control requirements. 

Complementary to these engineering assessments, optim- 
ization studies of trajectories and upper stage designs led 
to the present Europa | configuration in which second and 
third stages are provided respectively by France and Germany ; 
the composite vehicle has an overall length of 104 ft and a 
take-off mass of 103 tons. 


In planning the broad details of the overall Europa 1 
project, it was realized that Blue Streak had reached a state of 
development where its initial flight trials would be considerably 
delayed if the first vehicle were to be equipped with repre- 
sentative models of the upper stages to simulate their control 
and aerodynamic effects. For this reason it was decided that 
the initiai first stage flight trials would employ a geometry 
approximating to that of the weapon from which it had been 
adapted. 

Such was “Fl,” the first flight trial vehicle launched in 
Australia on 5 June 1964, with very satisfactory results. It 
was possible to incorporate in this vehicle many of the detailed 
engineering changes scheduled for the eventual first stage 
design. 

Briefly, the “F1*’ Blue Streak configuration is 70 ft in 
length, 10 ft in diameter, and its take-off mass is 94 tons; the 
engine take-off thrust is 123 tons, which increases with 
altitude to 152 tons by the end of powered flight. Of the 94 
tons mass, 88 tons, or 93°%, is propellent and the total mass 
of the engines is 1-5 tons. 

The main structural sections are the propulsion bay, 
housing two Rolls-Royce RZ2 engines, each giving 61 tons 
thrust at sea level; the tank bay, comprising the kerosene and 
liquid oxygen tanks; and the guidance bay, in which practi- 
cally all the vehicle’s electrical systems are mounted. 

The flight path of the vehicle is determined by gyros and 
pitch turn-over programmer. One of the auto-pilot gyros is 
used to maintain the line of fire as oriented before take-off 
from the launcher, a second gyro provides a reference for roll 
stabilization, and the third, in conjunction with the turn-over 
programmer, determines the flight in the vertical pitch plane. 
Electrical signals from the gyros and programmer are fed to 
servo systems which move the two engine thrust chambers 
through small angles to control the vehicle along the desired 
trajectory ; rate gyros mounted along the vehicle are used to 
stabilize these servo systems. During the second and third 
stage propulsion phases a radio interferometer guidance 
system will be used initially, and later a complete inertial 
navigation system is envisaged. 

The ELDO flight development plan called for three Blue 
Streak firings (designated Fl, F2 and F3); these were carried 
out between June 1964 and March 1965. Taken together, 
the three firings constituted a highly successful first phase of 
the ELDO Initial Programme. In all these firings no defects 
were found in either the structure or propulsion systems; 
F2 and F3 were entirely successful, with no observed devia- 
tions from the flight plan, and in both cases impact occurred 
within 10 miles of the aiming point in N.W. Australia, some 
1000 miles from the launching site at Woomera, South 
Australia. 

During the latter part of the FI flight, the vehicle experi- 
enced a control instability caused by “‘sloshing” of the liquid 
oxygen in the forward tank ; the resulting oscillations increased 
in amplitude until, with nearly empty tanks, the engines were 
starved of propellents and cut-off occurred prematurely some 
8 seconds earlier than the programmed time of 155 seconds. 
Telemetry records were fully adequate to diagnose this fault 
which was easily rectified in the F2 vehicle by reducing the 
gain in the control servo loops during the later parts of flight. 
In the vehicle F3 further baffles were added at the bottom of 
the liquid oxygen tank, and flight performances were in 
complete accordance with theoretical predictions. 

The next firing in the ELDO development programme is 
planned for early 1966, when Blue Streak will carry fully 
ballasted dummy upper stages. In addition to checking the 
performance of the uprated engines, the chief objectives of 
this flight trial will be to test the structural integrity of the 
Europa | vehicle, and also the control system during the first 
stage propulsion phase. 
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Black Knight 


The second liquid propellent rocket developed in the United 
Kingdom is known as Black Knight. This rocket has been 
used extensively to investigate atmospheric re-entry problems, 
and also to carry experiments to altitudes beyond those 
possible with Skylark. The vehicle is shown diagrammati- 
cally in Fig. 4. The propellents for the main stage are 


kerosene and hydrogen peroxide, carried in a weight ratio of 


1:8 in welded aluminium tanks 3 ft in diameter. The 
propellents are fed by turbo-pump to four separate chambers 
giving a totai take-off thrust of approximately 20000 Ib. 
The chambers are mounted on gimbals about radial axes 
and are swivelled independently by hydraulic actuators linked 
to the vehicle control system, which is a simple autopilot. 
The vehicle is guided along a fixed radar beam by means of a 
radio command system. 

Auto-pilot gyroscopes, control system electronics, telemetry, 
command link receivers and associated instrumentation and 
power supplies are housed in a pressurized bay above the 
kerosene tank at the forward end of the vehicle, away from 
the worst effects of engine induced vibration and heating. 

Most of the recent Black Knight firings have been fitted 
with a second stage to increase the performance. This 
stage consists of a spin stabilized solid-propellent motor 
containing about 420 lb of charge. This can be fired upwards 
before apogee or downwards after apogee; the downward 
firing greatly reduced trajectory errors and substantially 
improves range safety. 

In such firings, shortly after first stage burn-out the second 
stage is separated and spin stabilized ; it coasts to apogee and 
is ignited on the descent, the height of ignition being chosen 
to suit the particular experiment being carried. At second 
stage burn-out the head is separated from the second stage. 

For certain experiments, where large spatial separation is 
required at re-entry between the head and the remainder of 
the vehicle, the head is held in a sabot ring on which are 
mounted miniature rocket motors which act as a short 
duration third stage. This separates the head from the empty 
second stage with a separation velocity of approximately 
400 ft/sec. The sabot itself is connected to the second stage 
by approximately 300 ft of nylon rope which retains the 
sabot with the second stage, allowing the head to re-enter 
well separated from the rest of the vehicle. 

With a single stage vehicle a 250 Ib head is carried to an 
apogee of 500 miles and re-enters the Earth’s atmosphere at 
12 000 ft/sec (at 200 000 ft). Fitted with the second stage, 
fired upwards, an apogee of 2000 miles can be achieved. 
Fired downwards, a 100 Ib head re-enters at 17 000 ft/sec. An 
exhibition model of this type of head is shown in Fig. 5. 

The behaviour of the head during re-entry is examined by 
instrumentation both within the head and on the ground. 
Data on dynamics and heating during re-entry is stored on 
tape contained in an armoured and thermally insulated 
capsule flown in the head and recovered on the Woomera 
land range. Ground instrumentation consists of special 
high-power radars, radiometers, photometers and spectro- 
meters with automatic data-recording. These radar and 
optical trackers are directed on to the head before re-entry 
by a pair of F.P.S.-16 high-accuracy radars which lock-on to 
a C-band transponder carried in the second stage, or in the 
head itself. Firings are carried out on moonless nights 
during periods when galactic radio noise is at a minimum. 

Black Knight firings began in 1958 and ended in November 
1965. All the twenty-two Black Knight vehicles have been 
successfully launched, guided and controlled and the overall 
performance of all systems was satisfactory except for some 
stage-separation failures. Data was obtained from all the 
flights and in most of the experiments. 
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Black Arrow 


As with Blue Streak, considerable thought has been given 
to the use of Black Knight, or adaptations of it, as the first 
stage of a satellite launching vehicle. Much detailed design 
work has already been carried out, and the resulting vehicle 

Black Arrow—should have a payload well in excess of 
200 Ib in a polar, circular orbit at a height of 300 nautical 
miles. (It is not of course restricted to this particular orbit.) 

The overall design has been chosen to make the maximum 
use of the very reliable and well proven components and design 
concept of Black Knight. In addition, to save cost, the size 
of the vehicle and the supporting service requirements have 
been tailored to the existing Black Knight facilities in Britain 
and Australia with strong emphasis on keeping modifications, 
where necessary, to the absolute minimum. 

In its basic form Black Arrow consists of three stages, the 
first and second stages using the liquid propellents hydrogen 
peroxide and kerosene; these stages are fully controllable. 
The third stage is a spin-stabilised solid propellent motor. 
Using motor specific impulses, structural features and equip- 
ment weights at present being obtained in British vehicles, it 
was found that a fully optimized configuration having a take- 
off thrust of some 50 000 Ib weight and a take-off mass of 
40 000 Ib would provide the payload quoted above with 
reasonable contingency factors. 

The first stage engine assembly will use eight combustion 
chambers and two turbo-pumps. These combustion cham- 
bers and propellent feed pumps are virtually identical to those 
used in Black Knight and are mounted in four groups of two, 
each pair gimballed to swing about one axis to effect control 
in pitch, yaw and roll. The first stage propellent tanks, of 
light alloy, are 2 metres in diameter and carry about 30 000 Ib 
of propellent (ratio 8:1). Electronics, power supplies, 
telemetry, etc., are located in a pressurized bay between the 
hydrogen peroxide and kerosene tanks. 

The second stage will also be propelled by kerosene and 
hydrogen peroxide, and will employ two Black Knight com- 
bustion chambers, but with extended nozzles to increase the 
expansion ratio from 80:1 to 300:1. Since this stage 
operates in vacuo, the large expansion ratio is possible and 
represents an appreciable improvement in performance and 
hence in payload capability. The two chambers will be fully 
gimballed to allow pitch, yaw and roll control. Approxi- 
mately 7000 tb of propellent are burnt in this stage. 

The diameter of the second stage tanks and the electronics 
bay forward of the kerosene tank will be about 1-5 metres. 
The electronics bay will contain, in addition to servo ampli- 
fiers, telemetry, tracking beacons, command destruct receivers 
and power supplies, an attitude reference system of high 
precision which, together with a programme unit, will enable 
orbital injection to be effected without the need of an external 
guidance system 

Separation between first and second stages will be achieved 
by four small but powerful rockets attached to the second 
stage conical skirt, which will be jettisoned after second stage 
light-up. After second stage burn-out the stage is attitude 
stabilized by a gas jet system similar to that developed for 
Skylark, and is rotated until oriented for spin-up and separa- 
tion of the third stage; this contains some 700 Ib of charge 
which is ignited at apogee. Finally the satellite is separated 
from the spent third stage and de-spun as necessary. 


Experimental Satellites 


Considerable thought has been given to the design of a 
satellite suitable for use both during the initial phase of 
proving the launcher and subsequently to carry the experi- 
ments. It is proposed to carry out a wide range of investiga- 
tions, including such topics as the behaviour of materials in 


space, heat balance, attitude stabilization, power supplies, 
star and Sun acquisition techniques, and the measurement of 
radiation densities, particle velocities, etc. Such satellites 
may also be used to test communication sub-systems, and to 
assess the long-term reliability of components in the space 
environment. The installation of the satellite in the vehicle 
is Shown in Fig. 6. 





Fig. 6. Black Arrow satellite installed in launch vehicle. 


Fig. 7. Black Arrow satciiite. 
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In designing this series of satellites consideration has been 
given to the shape, size and function of the experimental 
package carried within the satellite. The orientation of the 
package and also of the satellite itself together with the 
estimated power requirements and the mass of each package 
have also been considered. The resulting design concept is 
shown in Fig. 7. The satellite comprises a body some 30 in 
in diameter and 40 in long with a longitudinal double cruci- 
form section as the main load bearing member, on which 
all packages are mounted. The strong points at the corners 
carry the sclar cell paddles, hinges, latches and pay-out 
mechanisms. The skin, which bears no mechanical load and 
is quickly removable, carries special surface finishes for 
thermal control. The paddles, which are held to the satellite 
body during launch, are subsequently paid out under centri- 
fugal force to 90°. 

It is estimated that the solar cell power system will yield 
about 10 watts if the satellite is spin-stabilized or tumbling and 
up to 100 watts in a Sun stabilized version. More than 80% of 
the body volume will be available for experimental equipment. 


U.K.3 Satellite 

U.K.3 is the third scientific satellite in a series which forms 
part of the Anglo-American co-operative space programme, 
but it is the first satellite to be made in the United Kingdom. 
The other two, which are already in orbit, contained experi- 
mental equipment devised and made in the United Kingdom, 
but the satellites themselves were made in the United States. 
U.K.3 will be launched in the Spring of 1967 by NASA using 
a Scout rocket. The orbit will be circular at 550 km altitude, 
with an inclination of 78°. The satellite weighs about 150 Ib 
(68 kg) and is approximately 66 in high by 110 in over the 
boom tips. It is spin stabilized, and embodies about 8000 
solar cells and 3000 electronic components. Data in real 
time is sampled at about 50 samples/sec, and the sampling 
rate is approximately one sample per second for recorded 
data. The desired operational lifetime is one year. 

Five scientific experiments are carried. The first is by the 
Meteorological Office, who intend to measure the vertical 
distribution of molecular oxygen in the Earth’s atmosphere 
using an optimal sensor sensitive in a narrow band about 
1400 A. Sunlight of these wavelengths is absorbed by 
molecular oxygen, and measurements will be made as the 
satellite-Sun line sweeps through the atmosphere when the 
satellite enters or leaves the Earth’s shadow. The second 
experiment, by Cambridge University, is designed to measure 
radio noise from sources in the galaxy betwen 2 and 5 Mc/s. 
The apparatus consists of a receiver, whose reception fre- 
quency is swept between 2 and 5 Mc/s every four minutes, 
and a large area single-turn loop aerial in a plane normal to 
the spin axis. 

An experiment by Sheffield University will measure the 
level of very low frequency radiation, its spatial and temporal 
variation, and its spectrum. The satellite carries three 
receivers tuned at approximately 4, 10 and 16 kc/s, and a large 
area multi-turn loop serial in a plane normal to the spin 
axis. The fourth experiment, by Birmingham University, 
will make a survey of the ionosphere above the F2 maximum 
by measuring electron density and temperature. The temper- 
ature and density sensors have to be carried as far from the 
satellite as possible, and thé satellite must have a minimum 
projected area of 400 square inches of electrically conducting 
surface, when viewed from any direction, in order to sweep 
positive ions and so counteract the effect of collected electrons 
on the potential of the spacecraft. Finally, apparatus 
developed by the Radio and Space Research Station will 
determine the flux of radio waveenergy from natural terrestrial 
sources. The experimental equipment will comprise three 
receivers tuned near 5, 10 and 15 Mc/s, and two small loop 
aerials in planes containing the spin axis. 
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Fig. 8. UK-3 scientific satellite. 


Fig. 8 shows a photograph of a model of the satellite. 
The satellite body, which is approximately 30 in in diameter 
consists essentially of a cylindrical portion surmounted by a 
cone, and it spins about the axis of the cylinder. Four 
booms hinged to the lower part of the body are geared 
together; during launch they are folded around the last 
stage rocket motor, and on release they erect under the 
influence of centrifugal force. The rate of erection is con- 
trolled by escapement mechanisms. The optical sensor of 
the molecular oxygen experiment is situated at the apex of the 
cone, and it is equally sensitive to light arriving from any 
direction within +45° of the local equator. The satellite 
will be injected with the spin axis normal to the plane of the 
ecliptic. The cone also carries four rod aerials for telemetry 
and command, and loop aerials for the terrestrial noise 
experiment. The four booms carry two loop aerials for the 
galactic noise and V.L.F. experiments, and the electron 
density and temperature sensors. The solar cells have been 
arranged to give much the same electrical output no matter 
from which direction the Sun shines ; to this end, thecylindrical 
surface of the body carries solar cells and there are cells on 
each side of each boom. Within the body there is a central 
tube and four radial vanes which carry the electronic equip- 
ment. Access is obtained by removing four doors. The 
satellite also carries a “‘yo-yo”’ and solar aspect indicators. 
The outputs from the experiments are sampled by the data 
handling system, which in turn feeds, and receives signals 
from, the communications system. 

In normal operation the experimental outputs are sampled 
at about fifty samples per second by the high speed encoder, 
and the information is transmitted directly. However, some 
experimental results are needed when the satellite is out of 
range of a ground station; for this purpose, the experimental 
outputs are sampled at approximately one sample per second 
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by the low speed encoder, and recorded on tape. Read-out 
of the satellite tape recorder is commanded once per orbit, 
and the recorded information is replayed in about two 
minutes. Since the data rate of the galactic noise experiment 
requires the exclusive use of the tape recorder, this experiment 
is performed for one orbit in five, the tape recorder being 
shared between other experiments during the remaining four 
orbits. Switching is effected by the programmer which 
counts commands. 

Five satellites are being made. The first, called D,, is a 
complete structure for mechanical tests, with dummy boxes 
of the correct mass and centre of gravity in place of equipment. 
The second D,, is a complete structure containing the first 
engineered models of all equipment; this satellite is intended 
for tests to investigate the compatibility of the various 
electronic systems, and, when these tests are completed, D, 
will be subjected to thermal vacuum and solar simulation 
tests. The third model is the prototype and the fourth and 
fifth models are flight units. The present position is that D, 
and D, are complete, and mechanical and compatibility 
tests are well advanced. 


Environmental Facilities 


An important part of any satellite programme is the pro- 
vision of facilities for simulating the relevant space environ- 
ments, so that the effects of these environments on complete 
satellites, and also on their components and materials, can be 
determined 

Equipment for such testing exists at many Establishments 
and Universities in the United Kingdom, but the main 
facilities for the testing of complete satellites and their com- 
ponents are provided by the Royal Aircraft Establishment, 
Farnborough. Some of these facilities are briefly mentioned 
below 

Within the Royal Aircraft Establishment vacuum chambers 
are available over a pressure range of 10° torr to 10~* torr, 
with working volumes of from 0-1 cubic metre to 22 cubic 
metres within the cryogenic shrouds. Two chambers have 
ultraviolet irradiation facilities and one is equipped for solar 
simulation. All chambers have been designed to allow leads 
to be run into and out of the chambers, for connection to 
sensors, thermocouples, power supplies, etc. At present 
these chambers are being used primarily for testing the 
thermal balance of the U.K.3 satellite body. 

The largest vacuum chamber in the Royal Aircraft Estab- 
lishment—roughly 4 m in diameter and 10 m long—can test 
complete satellites up to 2:5 metres in diameter simulating the 
solar input, the solar aspect of the satellite and the low 
temperature of surrounding space. 

Fig. 9 illustrates the way in which the (dummy) satellite is 
mounted in the chamber; its attitude with respect to the solar 
simulators can be varied to simulate the changing solar 
aspect, due, for example, to orbital motion. The satellite can 
be made to follow any desired aspect sequence by means of a 
hydraulic servo system which controls the rotation of the 
mounting about two axes. 

The walls of the chamber are cooled by liquid nitrogen; 
the louvred cryogenic panelling can be seen on the chamber 
walls and door in Fig. 9. Solar simulation is provided by 
six carbon arc lamps, any four of which will simulate the 
Sun’s radiation over a circular area of 2:5 metres diameter in 
the test plane of the satellite. 

For certain spacecraft investigations, notably those in- 
volving heat transfer, it is necessary to achieve a zero g 
environment. A “free-fall’’ tower at the Royal Aircraft 
Establishment enables an experimental package of some 50 Ib 
weight (including a cine camera) to fall through a distance 
of 36 ft so achieving a zero g time of about 1-5 sec. The 
package is shielded from air drag during its fall by a large 
fairing which is released simultaneously but falls separately. 





Fig. 9. Vacuum chamber at the Royal Aircraft Establishment. 


In furtherance of these experiments in the “‘free-fall’’ tower a 
Canberra aircraft has been suitably modified to enable 
zero g tests to be made while the aircraft is flying along a 
ballistic trajectory. Depending upon the skill of the pilot 
and observer and also weather conditions, free-fall times of 
5 to 15 seconds can be achieved. Investigations are being 
made during flights in the Canberra into serious dynamic 
effects, such as flow and heat transfer in liquid fuel systems 
while under zero g. 

To determine the effect of space environments on complete 
satellites, and also on their components and materials, the 
Royal Aircraft Establishment has developed equipment 
including special spectrophotometers for absorptance and 
reflectance measurements. A number of facilities are also 
available for investigating the thermal characteristics of 
surfaces, such as paints and metallic finishes, for examining 
the effects of cosmic radiation on particular materials, and 
for measuring viscosity changes in flotation liquids for gyros 
as a result of gamma radiation. 

In the rocket field it has been the practice in the U.K. to 
carry out extensive pre-launch tests in conditions which are 
as realistic as possible; for example, the tests sites at Spade- 
adam (for Blue Streak) and the Isle of Wight (for Black 
Knight) include “launch” pads and associated ground 
facilities which are virtually identical to those at Woomera, 
Australia, where the actual launching takes place. Un- 
doubtedly this testing philosophy has contributed in large 
measure to the 100°% success rate achieved so far with both 
Blue Streak and Black Knight, and it is hoped that, by making 
the utmost use of the satellite ground test facilities outlined 
above, a similar degree of success will be achieved in satellite 
reliability. 





Biosatellite 


First of a series of Biosatellite experiments is expected as 
we close for press. During the three-day orbital flight a 
group of molds, bacteria, plants, frogs eggs, beetles and wasps 
were being exposed to an artificial source of radiation in the 
spacecraft. A similar group, used for control purposes, was 
shielded from radiation. 

Launched by a Delta DSV-3E from Cape Kennedy, the 
Biosatellite developed by the General Electric Company is 
stabilized on all three axes by rate gyro’s and nitrogen gas 
jets; recovery of its re-entry capsule was expected over the 
Pacific Ocean. See also Spaceflight, September 1965, page 
154. 
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Beyond The Atmosphere: 


A 1923 Essay 


By K. E. Tsiolkovsky 





One of the names that will live forever in the history of 
astronautics is that of the Soviet theoretician Konstantin 
Eduardovich Tsiolkovsky (1857-1935). It was he who first 
worked out the underlying principles of rocket propulsion and 
the general theory of space flight at the end of the last century. 
The main part of his work, ‘“‘The probing of space by means of 
jet devices,’ was published in the journal ‘“‘Nauchnoe Obozrenie” 
in St. Petersburg in 1903. By the 1920s he had come to the 
conclusion that single-stage rockets powered by chemical 
propellents would not suffice to attain escape velocity. In 
1929, in a book entitled ““Space Rocket Trains,’ he established 
the theoretical basis for the multi-stage rocket. 

Nine years earlier, in a work of fiction, Tsiolkovsky had 
envisaged the construction of a large manned space station in 
which undiluted sunlight would be harnessed for factory processes 
and the growth of plants for food supply. His space crew 
truly international—was composed of a Frenchman, an 
Englishman, a German, an American, an Italian and a Russian. 
A modern translation of this novel is now available in English 
(“Beyond the Planet Earth,” by Konstantin Tsiolkovsky, 
Pergamon Press, 1960). 

It is therefore of more than passing interest to note the 
publication in the Soviet Union of an obscure essay stated to 
have been written by Tsiolkovsky in March 1932. Entitled, 
*‘Beyond the Atmosphere,”’ the article is extraordinarily per- 
ceptive of modern astronautical techniques. Some of the 
reading may appear quaint in terms of contemporary termi- 
nology, but the translator has preserved as closely as possible 
the flavour of the original composition. Minor corrections 
made by Tsiolkovsky’s own hand in the type-written copy kept 
in the archives of the USSR Academy of Sciences have been 
incorporated in the present text.—Kenneth W. Gatland. 





Neighbourhood of the Earth 

Imagine a sphere with a diameter of 12 000 verstst (verst 
is the term I shall use for kilometre). This is the Earth. 
It is enveloped in an ocean of air which covers all the valleys, 
waters and mountains. On the higher mountains it is 
rarefied to one third of its normal state. Higher up it is 
even more rarefied. At an altitude of 50 versts there is 
practically no air at all. And yet there are traces of air at 
altitudes of 200-500 versts. This distance is at the most one 
twenty-fourth of the Earth’s diameter. Beyond the atmos- 
phere and its traces there is empty space. One will have to 
fly 150 million versts through gasless space to reach the Sun. 
Distances of the same order separate us from the other 
planets of the Sun. For instance, Saturn is ten times farther 
away from the Sun, whereas Mercury is two and a half 
times closer to the Sun than the Earth. The Sun is very 
small as compared to these distances and the planets, in- 
cluding the Earth, are mere dots. 

The energy of the Sun is dispersed in all directions practi- 
cally without any return. The Earth receives but one 2200 
millionth of the rays emitted by the Sun. All the planets of 
the Solar System get only one 220 millionth of the energy 
radiated by the Sun. The remainder of the energy is uselessly 
dispersed into outer space. 





* Prepared for publication by Y. Straut, Member of the U.S.S.R. 
All-Union Astronomical and Geodetical Society. The article 
originally appeared in **Aviatsiva i Kosmonavtika,” No. 8, 1966. 
(Translated by Novosti Press Agency.) 
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Desire and Practical Use from its Fulfilment 

The idea of utilising a major portion of the solar energy is 
most tempting. After all the inhabitants of the Earth use 
plants for food. Plants cannot exist without the light of the 
Sun. The prod:ctivity of man would increase 2000 million 
times, if he could master the entire energy of the Sun. 

While man is earthbound it is very difficult to accomplish 
this task. It is necessary to learn to overcome the gravitation 
of the Earth, to depart from it in special projectile homes and 
to form colonies in space somewhere between the orbits of 
the planets, as for instance, between the Earth and Mars, 
Mars and Jupiter, the Earth and Venus, etc. 

There outside the Earth man will enjoy many advantages 
in addition to an abundance of sunlight. Here are a few 
we can mention: 


1. Man will get closer to the planets and their satellites 
and this will help him study these in greater detail. 


2. The atmosphere distorts, weakens and disperses the 
image of a celestial body seen through the telescope. In 
space there is no atmosphere, therefore the naked eye and 
even more so the telescope and photographs will show us new 
wonders of space and enlarge our knowledge of astronomy. 


3. The virgin energy of the Sun there is not weakened or 
destroyed by the atmosphere. Its chemical effect is not yet 
known. But at any rate it is unusual, abundant and advan- 
tageous. This factor will affect the growth of plants and the 
artificial decomposition and synthesis of matter under the 
impact of the sunrays. In its pure form solar energy will be 
used for the destruction of pernicious bacteria and germs; 
this will be done in growing plants, sanitation of the soil, 
water and man. 

4. The light is always bright. Artificial lighting will no 
longer be necessary. But this will not prevent us from making 
night at will with the help of louvres for some time or perma- 
nently. 

5. There is a broad range of temperatures—from minus 
273° to the temperature of the Sun’s atmosphere and even 
higher. The required temperature will be produced with 
the help of various glasses, screens and mirrors. Only sun- 
rays will be used. There will be no need for fuel or re- 
frigeration mass. The results are practically independent of 
the distance to the Sun, i.e., such temperatures may be 
produced both far away from the Sun and close to it. We 
shall not describe the ways to achieve this. But as a result: 

(a) Clothing, footwear and fuel will become superfluous. 

Temperature will be changed immediately at will in 
any home. This will be done for the aged, the sick, 
the young, the children and the prematurely born. 
This will be done for the plants to ensure better fruit 
bearing qualities, depending on the individual require- 
ments of each; 

Public baths and laundries will work without fuel. 
Something will have to be washed. The bashful will 
wear light clothes. Disinfection and sterilization will 
be effected by raising the temperature without burning 
fuel ; 

Factories and plants will have chambers, boilers and 
furnaces with any temperature without burning fuel; 
Any low temperature for liquefaction of any gas and 
solidification thereof without compressors or engines. 


Motors running without fuel. 
Generation of electricity without fuel. 
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8. Shifting of all kinds of structures to any part of the 
solar system by pressure of light. 

9. Absence of relative weight. 

The conclusions to be drawn herefrom are as follows: 

(a) Nothing will fall; 


(6) Nothing will be destroyed by weight. 
true of houses and other structures; 


This will be 


(c) They will be of any size, volume or mass—up to 
several hundred versts in length; 
Any mass will be able to move at any speed without 
involving costs or labour. The dwelling itself may 
serve for any trip. No engines, draught animals, 
carriages, automobiles, trams, trains or roads are 
necessary for the purpose, either for freight or 
passengers ; 
Unusual conveniences for all kinds of jobs, because 
the worker can adopt any direction just like any 
object no matter how large it may be; 
There will be no need for furniture, feather beds, 
springs, cushions, suspension springs, etc., because 
there is no pressure or weight and man can remain 
suspended without contact with hard objects; 
Freedom of movement in all six directions ; 
Plants no longer need strong trunks or boughs, 
because the weight of the fruits and the pressure of 
the wind will not break them; 

(i) The height of man and, hence, his brain and mental 
capacity may increase considerably. 


10. Metals will be unaffected by chemical combinations 
with gases 


11. The absence of substances in the ether will simplify 
the welding of structural elements, since the surface of the 
metal will not be oxidized, for instance. 


12. Humanity will be saved from possible Earth calamities 
and holocausts, such as earthquakes, rising and lowering of 
continents, deluges, collisions with big bolides, comets, etc. 
Well developed reaction propulsion will ensure refuge to 
humanity outside the Earth. 

Reasonable beings will be saved even in the event of 
extinction or lowering of the activity of the Sun. In ethereal 
space it is easier to overcome the gravitation of the Sun and 
retreat to another more active luminary, i.e., a younger sun 
with stronger radiation. 


13. Mankind will be able to increase thousands of millions 
of times. 


14. A vast variety of materials may be found in the 
asteroid belt. Cold or slightly warm asteroids may be 
disintegrated to the very core. The materials may be used 
for the formation of creatures or structures. 


The Reverse Side of the Medal: Overcoming the Drawbacks 
and Triumph 


Having enumerated so many advantages offered by life in 
the ether one must also mention the inconveniences of this 
life. We see only one inconvenience which arises from the 
inadequate structure of earthly plants and man or, rather, 
from their inability to live in vacuum. In the ether this 
structure will change in several thousand years. It will 
become adapted to the ethereal medium, thus the descendants 
of human beings will not feel any difficulties in their existence. 

What we have in mind is the need for the organic world of 
the Earth to have gases and vapour, i.¢., a suitable atmosphere. 

At present man needs an atmosphere with a density of at 
least one tenth of that of the air. There is that amount of 
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oxygen on five-verst mountains where a healthy man feels 
well. There are even villages at such a height. 

If each man needs a room of 100 cubic metres, the oxygen 
will weigh at normal temperature not more than 0-012 of a 
ton. The vessel, cylindrical or spherical room containing 
this gas and its pressure will weigh, if built out of the best 
materials, at least 0-12 of a ton or 120 kilogrammes, i.e., 
double the weight of a man. 

One-third of the surface of this room should be accessible 
tosunrays. To achieve this one-third of the surface should be 
lattice-work with very strong and highly transparent plates. 

Industries in the ether will score unimaginable success. 
Therefore, it will be easy to build even tremendous structures 
innotime. The asteroids will provide the necessary material 
in abundance. 

A multitude of dwellings separated by firmly closing air- 
tight doors will be linked together into an endless maze of 
buildings. There will be boundless opportunities for variety 
plenty of space and good possibilities for communication even 
for the most particular personality. By separating the maze 
into chambers relative safety is ensured. If one of the 
chambers begins to leak and gas begins to escape from it 
it will be possible to’ find shelter in another. 

But people will have to leave their dwellings from time to 
time. For this purpose they will have special suits like those 
of a diver with a supply of oxygen and absorbers of human 
excretions. They will also be equipped with means of pro- 
pulsion. 

The space suits will be weightless. Besides, they need 
not be massive. They should only resist the pressure of 
oxygen of one-tenth of an atmosphere. Therefore, these 
impenetrable suits may be quite light. 

We could mention the danger of the lethal ultra-violet 
rays of the Sun. But man will always be either in his dwelling 
or in his suit. In both cases he will be protected against 
harmful radiation by ordinary glass which filters the short 
light waves. 

A dwelling separated on desire from the entire mass—the 
city—and the gas-tight suit freely travel with man in all 
directions for thousands of versts without encountering any 
obstacles. Therefore, one cannot possibly say that the 
citizen of the ether is a prisoner or that his freedom is limited. 
He is like a man wearing clothes on Earth. The home in the 
ether is the same as clothing on Earth, only it is larger, more 
comfortable and more easily transportable. 

Imagine a trip in your own house. The temperature may 
be maintained at any selected level or changed at will. There 
is always plenty of light. Darkness may be created when 
necessary. One experiences an incomparable state of rest. 
The body feels no weight, no pressure or sagging. Inside the 
home movement is ease itself. There is a supply of books, 
pictures and all kinds of entertainment. The rooms are 
filled with indoor plants which make up a luxurious garden. 
Beautiful fruits, excellent meals. One only has to stretch 
his hand to satisfy his thirst and hunger. The flowers and 
fruits fill the space with pleasant odours. The air is always 
pure and well saturated with oxygen. There is no possibility 
of contagion. 

You fly along a definite route between towns built in the 
ether. You take a look round and see an endless chain of 
all types of structures floating by. There are also crowds of 
beings dressed in space suits and people in mobile homes just 
like yours. 

What cares can you possibly have: you work, eat and look 
round out of the windows of your home as long as you like. 
And if you wish you may put on your inpenetrable suit and 
get out into open space. But one cannot stay very long in 
a gas tight suit, because the reserve of oxygen is limited. 
However, in the house the source is unlimited—plants lighted 
up by the virgin rays of the sun. It is the plants that provide 
food and drink for the inhabitant. 
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What is Necessary to Overcome the Earth's Gravitation? 


All the above is wonderful, but how will one get to the 
skies? There are no roads leading there. It is impossible 
to ascend to an altitude of more than 50 versts in an air 
balloon or in an airplane. Both craft are supported by air. 
It is impossible to go beyond the atmosphere in them. 


A whole section of the essay is devoted to the peculiarities of 
reaction propulsion vehicles or rockets which he calls “light 
flying guns with a continuously exploding propellent.”’ The 
scientist considers in detail the difference between the gun and 
the rocket as a means of flight beyond the atmosphere, the 
design features of a reaction propulsion vehicle, the conditions 
for achieving maximum speed, and the advantages and short- 
comings of reaction propulsion vehicles. 


These questions are set forth in greater detail in a funda- 
mental work of K. E. Tsiolkovsky to which he refers, right. 


Return to Earth 


Return to the home planet is possible with the help of two 
methods: (1) counter-explosion ; (2) braking in the atmosphere 
which offers a resistance. The first method is uneconomical, 
and—what is far more important—it is practically impossible, 
as it calls for a tremendous amount of explosives (see my work 
“Exploration of Outer Space,” 1926, p. 63). The second 
method would not be practicable were it not for the Earth’s 
atmosphere. 

The first method is of practical use only for small celestial 
bodies with a small weight and no atmospheres. What we 
have in mind are small planets—asteroids and small moons. 
The larger moons and planets have atmosphere. Therefore, 
they do not need counter-explosion involving the use of 
explosives. But there are many other obstacles to visiting big 
planets. This is a most complex and difficult problem and 
will not be discussed in the present essay. 
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Cosmos Weather Survey 


Academician Yevgeni Fyodorov, head of the Soviet hydro- 
meteorological service, attaches great importance to experi- 
ments carried out in Cosmos 122. Launching of this satellite 
from the Baikonur cosmodrome on 25 June was witnessed 
by President de Gaulle during his official visit to the U.S.S.R. 
(Spaceflight, November 1966, p. 395). 

In a Pravda article, Fyodorov says the spacecraft’s mission 


was to transmit TV pictures of clouds covering a large part ' 
of the Earth’s surface both on the day and night sides of the ' 


planet, the latter involving infra-red photography ; intensity 
of radiation emitted from the Earth was also measured. 

Cloud cover patterns, made up of separate pictures, he 
wrote, would enable meteorologists to ascertain the nature or 
air movement, the position of fronts dividing masses of air 
with different properties, and the direction and speed of air 
currents in the upper atmosphere. 

Fyodorov reported that actinometric instruments are being 
used to glean information on the principal elements of 
radiation balance in the Earth’s atmosphere. The signals on 
radiation conditions sent by Cosmos-122 were fed into an 
electronic computer. The latter compared radiation measure- 
ments with figures relating to the spacecraft’s orbit, making 
the necessary corrections and putting out information in the 
form of a chart showing the distribution of radiation intensity 
throughout the globe. 

Energy required for operation of the meteorological 
apparatus and devices installed on Cosmos-122 is supplied 
by large solar batteries, FFyodorov stressed that the charac- 
teristics of this equipment accords in the main with the 
standards developed by experts of the world meteorological 
service. 

He notes that meteorological studies are also being con- 
ducted from U.S. satellites which are transmitting consider- 
able information on the planet’s cloud cover. But these 
satellites, he says, re not permanently locked on the Earth 
and do not supply information on radiation and cloud cover 
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A regular monthly review of 
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on the Earth’s night side. Separate experimental pictures 
of clouds in infra-red rays and radiation measurements have 
been made in the United States but they have not yet been 
used in the everyday service. 

Fyodorov writes that it is now possible to establish systems 
of sputniks which will enable charts to be compiled on the 
state of the atmosphere once or twice a day. It will take 
only a few hours to complete such a chart. This will be 
accomplished by two or three permanently operating weather 
satellites. 





Space Events and Technical Trends 


Inter-Galactic Travel 


Soviet astronomer Professor Boris Vorontsov-Veliaminov, 
writing in the publication Zemlya i Vselennaya, suggests that 
the resettlement of life from one galaxy to another may be 
quite possible in principle. More than 10 years ago the 
scientist advanced an explanation of the hyperbolic speeds of 
some stars of our galaxy. On the periphery of galaxies, 
especially dwarf galaxies, even moderate disturbances he 
suggests can so increase the speed of the star that it may 
separate from the system and, after wandering in space, join 
another galaxy. The gravitation of the galaxy which the 
star joins helps to accelerate it. 

The discovery of interacting galaxies with a strong dis- 
turbance of forms and with a common shell (1957) confirmed 
Professor Vorontsov-Veliaminov’s hypothesis regarding the 
possibility of a partial exchange of substancer (stars) between 
such galaxies. The same conclusion was drawn 10 years 
later by the American astronomer Barbidge and his wife 
who had studied the distribution of brightness in two inter- 
penetrating and interacting elliptical galaxies. 

Professor Vorontsov-Veliaminov believes that during such 
interactions of galaxies many stars can move from one galaxy 
to another. These stars may include those that have planets, 
and various forms of life may exist on some of them. 

In certain cases, a star may travel from one galaxy to 
another in one-hundredth of the time of the probable span of 
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life on Earth. In favourable conditions (if the intensity of 
cosmic rays is ignored), such a resettlement, in the scientist’s 
opinion, would not change conditions on the given planet 
for it would continue to revolve around one and the same 
Sstar—its sun. 


Checking on Einstein 


Professor William Fairbank of the United States and his 
group have proposed that Einstein’s general theory of 
relativity should be checked in outer space. A report on 
this subject, delivered at the recent international conference in 
Moscow on low temperature physics, aroused great interest. 
It is proposed to conduct the experiment on an artificial 
satellite. 

To do this a gyroscope would be installed in a satellite to 
maintain permanent orientation in space under all conditions ; 
it would be surrounded by a very powerful magnetic screen. 
Modern techniques of low temperature physics enable such 
a powerful magnetic screen to be created which no outward 
magnetic fields can penetrate. 

The gyroscope would then be oriented precisely towards a 
remote star. A special telescopic system would continuously 
make observations and transmit back to Earth data about the 
slightest change in the gyroscope’s orientation. 

The general theory of relativity maintains that the physical 
properties of objects—mass and dimensions, in particular 
should change with cosmic speeds. It is only possible to 
check this on a space object screened from external influences. 

U.S. researchers are trying to create such conditions. 
A gyroscope for an Earth-satellite has already been built 
at Stanford University. Prototype low temperature equip- 
ment, capable of shielding the gyroscope, has also been 
developed. 


Space-Conditioner 


Soviet psycho-neurologist Professor Alexander Svyadoshch 
believes that auto-suggestion may be used with success in 
cosmonaut training. The scientist notes that almost every 
person is susceptible to auto-suggestion to a greater or lesser 
degree. In his opinion, this capacity is especially needed by 
those whose occupation makes particularly great demands on 
self-control, in particular, space crews. 

Professor Svyadoshch, who heads the psychiatry chair at 
the Karaganda Medical Institute, has worked out with his 
colleagues an autogenic training system making it possible 
for a man to master auto-suggestion methods in different 
situations 

It takes 5 or 6 months of special exercises to master the 
auto-suggestion technique. This makes a person “immune 
to fear, worry and emotional instability.” Svyadoshch’s 
patients were students, actors and graduate teachers who had 
to make public statements or take examinations. This 
training “carried them through their trials successfully.” 

The scientist says that auto-suggestion helps one overcome 
pain of different origin and removes vegetative functional 
disorders, specifically arrhythmia. The auto-suggestion 
technique is described by Svyadoshch and his group in a 
recent book. 


Space Research at Farnborough 


Britain’s scientific space research programme was featured 
on the stand of the Science Research Council at the 1966 
Society of British Aerospace Companies Air Show and 
Exhibition at Farnborough from 5 to 11 September. A 
Skylark sounding rocket was a central feature and exhibits 
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included many aspects of space science supported and 
administered by the S.R.C., both in its own establishments, 
in universities and in Government establishments. 

The Science Research Council is responsible for the 
administration of the Government’s civil scientific space 
research programme, providing financial support, control 
and administrative backing through its Space Research 
Management Unit. The research is carried out at two of the 
S.R.C.’s own establishments—The Royal Observatory, 
Edinburgh and the Radio and Space Research Station 
Slough; in eighteen university departments; and at the 
Culham Laboratory of the United Kingdom Atomic Energy 
Authority and the Meteorological Office, Bracknell. Experi- 
ments are flown in Skylark rockets of the British National 
programme, launched from Woomera, South Australia, in 
European Space Research Organization rockets and satellites 
and in the U.K./U.S. programme of Ariel-type or American 
satellites. 

Space research experiments featured at the exhibition were: 


Night sky photography from Skylark rocket (Royal Observa- 
tory, Edinburgh) 

This showed a camera, designed to photograph large areas 
of sky which will be flown in the first British stabilized 
Skylark rocket to be launched at night in 1967. The complete 
camera will be returned to Earth by parachute. Ultra- 
violet starlight of wavelengths shorter than 3000 A is com- 
pletely cut off by the Earth’s upper atmosphere and must be 
observed from rockets or satellites. Different wavebands 
will be examined by photographing through an objective 
prism which draws out each stellar image into a small 
spectrum. 


Terrestrial noise experiment in UK-3 (Radio and Space 
Research Station) 

The aims of this experiment are to measure high-frequency 
atmospheric noise received in satellite UK-3 and to deduce 
the distribution of the noise sources (lightning discharges) 
over the surface of the Earth in relation to the time of day 
and season. Distribution of the noise sources will be mapped, 
using the transmission properties of the ionosphere. 


Studies of the high atmosphere (Meteorological Office) 

4 detector sensitive to certain far ultra-violet solar radiation 
is being flown in space research rockets and satellites to 
obtain information about the Earth’s higher atmosphere 
The exhibit described an experiment to be flown in satellite 
UK-3 to measure the concentrz‘ion of molecular oxygen in 
the Earth’s atmosphere at about 150 km. 


Spectroscopic studies of solar plasma (U.K.A.E.A. Culham 
Laboratory) 

Culham Laboratory is the United Kingdom Atomic 
Energy Authority centre for nuclear fusion and plasma physics 
research. The Sun derives its energy from nuclear fusion 
reactions at extremely high temperatures. Three rocket- 
borne experiments were described which study the radiation 
emitted from the hot gases or plasma of the solar atmosphere 
from which it is possible to follow the underlying atomic 
processes and to measure particle densities and temperatures. 


Measurements of proton flux outside Earth’s atmosphere 
(Imperial College, London) 

Solar and Van Allen Belt protons will be measured by a 
proton detector to be flown in an ESRO satellite. The aim 
of this experiment is to measure the proton flux beyond the 
Earth’s atmosphere in the energy range 1 to 100 MeV. 
Protons in this energy range constitute the major part of the 
energetic solar flare particle flux and part of the population 
of the radiation belt. ' 
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SKYLARK ROCKETS 


First payload launched from Woomera early in 1957. 
The first stabilized rocket was launched in August 1964. 
Launchings average fifteen a year and to date a total of 135 
have been made. Each rocket carries three to four experi- 
ments with a total average success rate of 65°. 


ESRO ROCKETS AND SATELLITES 


First ESRO experimental payload (in two Skylarks) launched 
from Sardinia in the summer of 1964. 

Nearly thirty launchings of Skylark, Centaure and Arcas 
rockets have taken place to date. 


UK/US ROCKETS AND SATELLITES 

Ariel I, the first British satellite, was launched by the United 
States National Aeronautics and Space Administration (NASA) 
from Cape Kennedy on 26 April 1962 by a Thor Delta rocket. 

Ariel II was launched by a NASA Scout rocket on 27 March 
1964. UK-3, a spin-stabilized satellite weighing about 170 lb 
being built entirely in Britain, is scheduled for launching in 1967. 

Three British experiments have been included in U.S. 
satellites launched in 1964 and 1965. Another seven experi- 
ments are in preparation. 





X-ray spectrometry from satellite OSO-D (Mullard Space 
Science Laboratory and University of Leicester) 

A spectrometer to be carried in a NASA orbiting solar 
observatory, shortly to be launched from Cape Kennedy, 
will be used to study the Sun’s radiation—particularly when 
solar flares occur. X-rays from the Sun ionize the Earth’s 
atmosphere and help to maintain the reflecting layers im- 
portant to radio communications. 


Measurements of electric currents in the atmosphere (Imperial 
College, London) 


Winds produced in the ionosphere by solar heating and 
tidal action cause the mass movement of ions and electrons 
across the Earth’s magnetic field, giving all the requirements 
for a natural dynamo. Rocket-borne magnetometers are 
used to measure the extensive current system generated. 


Measurement of wind and temperature in the upper atmosphere 
(University College, London) 

Experimental payloads to be flown in ESRO and U.S. 
rockets include twenty-five photo flash grenades, which are 
ejected at intervals during rocket flight, and a liquid trail 
dispenser. Burst and trail positions are observed optically 
and acoustically from the ground and provide information 
for the determination of wind and-temperature to 150 km 
altitude. 


Radio propagation experiments (University College, Wales, 
Aberystwyth) 

Studies of radio propagation with relation to ionosonde 
techniques are being made with British National rockets. 
The exhibit features two experiments using C.W. and pulse 
techniques. Both techniques measure electron profile (den- 
sity) with height. Results are compared with ground-based 
ionograms taken during rocket flight. 


Synoptic study of VLF phenomena (Sheffield University) 


There are two main classes of phenomena-—‘‘whistlers,”’ 
generated in lightning discharges and observed mainly in 
medium latitudes; and natural ViLF emissions, a high 
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latitude (principally auroral) phenomenon associated with 
the precipitation of charged particles along the Earth’s 
magnetic field lines. An experiment to be carried by UK-3 
is designed to study spatial and temporal characteristics of 
VLF radiation (1-20 kc/s) above the atmosphere. 


X-ray astronomy (Leicester University) 


The intensely hot outer envelope of the Sun, normally 
invisible, can be observed directly in the X-ray band. Obser- 
vations from the new sun-pointed Skylark rocket have yielded 
valuable new pictures and spectra of this region. Two rocket 
flights at Woomera recently attempted the first X-ray survey 
of the southern sky. 


Charged particles near the boundary of the magnetosphere 
(Southampton University) 


Charged particles in the ionosphere and magnetosphere 
have been monitored by the American Interplanetary Moni- 
toring Platform IMP 2. A Southampton group analyse the 
data obtained from a satellite instrument made by the 
University of California, Berkeley, and correlate this with 
ground-based measurements. 


Skylark at Farnborough 


The solid-propellent Skylark sounding rocket is used for 
making scientific measurements in and above the Earth’s 
upper atmosphere. Over 100 of these rockets have beens 
fired carrying scientific experiments which do not depend on 
the rocket being pointed in any specific direction when it is 
near the zenith. Later it became clear that the usefulness of 
the rocket would be increased if it could be pointed accurately 
at various heavenly bodies so that it could be used for astro- 
nomical experiments. Only a fraction of the radiation from 
the Sun, Moon, planets and stars penetrates the atmosphere 
of the Earth and is observable from ground-based telescopes. 
Much new information on these bodies can be gathered by 
quite simple telescopes mounted in an accurately pointed 
rocket. 

At the S.B.A.C. show last September the payload section of 
a Skylark rocket was shown which included a special, highly 
accurate, control unit capable of pointing the section at the 
Sun or Moon. In order to demonstrate the operation, the 
payload section was mounted on a low-friction, pressure-fed 
oil bearing so that it moved freely as in space. A powerful 
arc-lamp had been set up to produce an intense, parallel 
beam of light to simulate the Sun. However, the power 
required wus such that it is not economic to produce a wide 
beam of sunlight and so, for the purpose of ground operation, 
the payload section was fitted with a horizontal tubular 
frame on which mirrors were mounted to reflect the beam of 
sunlight so that it remained on the Sun sensor of the control 
unit as the payload section turned. 

Gas jets were used to blast the back end of the payload 
section into the correct position to line up with the Sun. 
When the right position had been achieved the action of 
these jets became so delicate that the speed of rotation of the 
payload section was of the same order as the rotation of the 
Earth and the angle through which it subsequently moves 
only about 4 seconds of arc. 

The control unit was developed by Elliott Bros. (London) 
Ltd., for the Ministry of Aviation under the supervision of 
the Space Department of the Royal Aircraft Establishment, 
the development programme being funded and directed by 
the Science Research Council on behalf of the scientific groups 
who make use of the rocket. Test equipment was developed 
by the Royal Aircraft Establishment. 
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In Lunar Orbit 


At 12.36 p.m. EDT on 23 August the Lunar Orbiter | 
spacecraft was commanded to make a photograph of the 
Earth from its position in orbit around the Moon. The 
frame exposed was one of those periodically required to 
maintain proper position of the film in the spacecraft’s 
camera. 

The purpose of the photograph was to obtain data, long 
of interest to scientists, on the appearance of the Earth’s 
terminator (line dividing the sunlit and shadowed portion of 
the planet) as viewed from a distance of about 240 000 miles. 
While from Earth the Moon’s terminator is a sharply-defined 
line, atmospheric effects diffuse the sunlight and yield a view of 
the Earth’s terminator as a gradual shading from light to dark. 

The photograph of Earth was read out from Lunar Orbiter 
by the Deep Space Network tracking station at Goldstone, 
California, on 25 August. 

Lunar Orbiter project officials at the NASA’s Langley 
Research Centre also reported that Orbiter has completed 
photography of the first three primary target sites being 
surveyed as potential Apollo manned landing areas (Space- 
flight, March 1966, pp. 92-94). Sixteen frames were exposed 
at Size 3 at 10.47 p.m. EDT on 22 August. The medium 
resolution pictures taken at these sites were of high quality, 
although the high resolution camera system was not func- 
tioning as intended and high resolution photographs read out 
from Sites | and 2 had a perceptible image smear. Langley 
engineers controlling Orbiter’s mission were investigating a 
theory that a spurious signal from the image motion com- 
pensator may have been triggering the high resolution camera 
shutter at a time when the film was in motion. 

Lunar Orbiter’s photographic system is perhaps the most 
complex instrument payload ever launched aboard a space- 
craft. Supplied by the Eastman Kodak Company, in 
effect it is a self-contained photographic laboratory, complete 
with camera and darkroom. It enables the Lunar Orbiter to 
relay back to Earth pictures of broad areas of the Moon, 
including potential sites for a manned landing 

A typical Lunar Orbiter mission will gather high-resolution 
pictures of 4000 square miles (10000 km*) of the Moon’s 
surface and medium-resolution pictures of 20000 square 
miles (50 000 km*). 

Unlike the lunar spacecraft Ranger and Surveyor, which 
used television cameras, Lunar Orbiter records pictures of 
the Moon directly on film. It then processes the film auto- 
matically and transmits the pictures as electrical signals back 
to Earth, where they are reconstructed as highly detailed 
photos 

The major elements of the camera system, which weighs 
145 lb, are a camera, a film processor, and a readout system. 
The camera, which is used from an altitude of 28 miles, 
contains two lenses. One, an f/5-6 lens of 24 in focal length, 
is designed to yield photographs of 3 ft resolution. The 
other, an f/4-5 lens of 3 in focal length, provides photos of 
25-ft resolution. 

The camera is loaded with 70 mm “Kodak” Special High 
Definition Aerial Film. This black-and-white film has a 
slow emulsion with minimum sensitivity to radiation, thus 
reducing the chances of its fogging in space. 

The camera operates in an automatic sequence: (1) the 
lenses are uncovered and a system that compensates for 
image motion is activated; (2) the film is clamped to the 
platens and flattened by a vacuum; and (3) the two shutters 
are opened simultaneously. Each time the shutters click, 
one photographic frame is obtained. It consists of two 
exposures—one designed to cover an area 234 by 194 miles, 
and the other an area 104 by 24 miles. If such things existed 
on the Moon, a card table would show up in the high-resolu- 
tion photo, a house trailer in the medium-resolution shot. 
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Lunar Orbiter with antennae and solar panels spread is 
lowered into a 50 ft high space environment chamber at the 
Boeing Space Center near Seattle, Washington. For three 
weeks the craft underwent flight acceptance tests, including 
camera operation and readout. To simulate space conditions, 
the chamber was sealed and pumped down to a vacuum 
equivalent to conditions at about 100 miles altitude. At the 
same time Lunar Orbiter was subjected to temperature 
extremes expected during the transfer orbit te the Moon and 
at least nine lunar orbits. A total of eight Lunar Orbiters are 
under contract, three ground test vehicles and five flight 
models; first of latter group was launched last August. 


The Boeing Company 


After exposure, the film is stored to await processing at a 
later time. When this step begins, the processor places the 
exposed film in contact with a strip of “‘Kodak”’ Bimat Film, 
which has been pre-soaked in processing chemicals. These 
chemicals both develop and fix the exposed film-during a 
3-4-min period. The Bimat film moves to a separate takeup 
reel while the photographic film remains in contact with the 
95° F dryer drum for 11-5 min as it is transported to the 
readout system. 

The processed film is then scanned by a high-intensity 
spot of light, and the variation of light intensity as it passes 
through the film generates an electrical signal for transmission 
to Earth. The 70 mm width of each picture frame is made 
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up of 18 942 scan lines, providing pictures on Earth that will 
be 2400 times more detailed than the television picture on the 
average home television set. 

The National Aeronautics and Space Administration chose 
the camera and film techniquie—as opposed to a television 
camera—for two reasons. First, a television system that 
could even start to do the job would weigh hundreds of 
pounds more than a film-loaded camera. And second, the 
quality of the photos received would not approach the clear, 
detailed photographs 2xpected from the film system. Tele- 
vision systems produce comparatively coarse pictures 
(Ranger pictures, for example, contained only 1150 scan 
lines), and they must scan an image quickly before it dis- 
appears and the next image appears. In most instances, 
there is only a fraction of a second to scan an image on a 
television vidicon tube. 

With a film system, however, the film can be scanned at 
ieisure. Lunar Orbiter’s meticulous system takes 45 minutes 
to scan a single picture frame, consisting of one high resolu- 
tion photo and one medium-resolution photo. 

Lunar Orbiter needs about 10 days o photograph the 
selected targets. Some of the pictures were relayed back to 
Earth during this period; most photos, however, were trans- 
mitted after the photographic portion of the mission was 
completed. Total transmission time is about 200 hr, but 
because the spacecraft can transmit only when its orbit lets 
it face the Earth and at the same time draw power from the 
Sun, it takes about 17 days to send all the information on the 
film back to Earth. 

Parameters of Orbiter’s photographic lunar orbit given on 
23 August were apolune altitude (highest point from the 
Moon), 1154-6 miles; perilune altitude (closest point to the 
Moon), 33-0 miles; and inclination, 12-08°. The decrease 
from the perilune altitude at time of injection into the low 
orbit was predicted based on an analysis of the influence of the 
Earth’s gravitational field on the spacecraft. An increase 
in the perilune altitude was recorded after photography of 
Site 5. 

On 29 August the spacecraft took 32 pictures with high and 
medium resolution cameras of site 9.1 where Surveyor | 
would most likely be seen. However, because of the con- 
tinued smear problem with the high resolution camera of the 
spacecraft, the soft-landed vehicle could not be identified in 
these photos. Although the medium resolution camera 
continued taking pictures of excellent quality, project officials 
considered the possibility remote that Surveyor would be 
spotted on any of these. 

On 30 August NASA announced that all picture-taking 
and preliminary readouts by Lunar Orbiter had been com- 
pleted. The remainder of the 32 site 9.1 pictures taken with 
both the high and medium resolution cameras were read out 
over the next 24 days. Following reception they were sent 
for processing to Eastman Kodak in Rochester, N.Y., who 
returned them to Langley Research Centre for detailed 
analysis. 


Large Astronomical Satellite 


Following the announcement that the U.K. Atomic Energy 
Authority’s design for the instrument package of the Large 
Astronomical Satellite (LAS) had been chosen for develop- 
ment (Spaceflight, December 1966, p. 430), ESRO issued the 
following additional information on this ambitious European 
project: 

LAS is a space-stabilized astronomical telescope to perform 
ultra-violet observations on stars and nebulae. It is specified 
to make intensity measurements over the band 900A to 
2500 A with a resolution of 0-1 A on stars brighter than Mv 9. 
The orbital lifetime will be one year. 
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Top, Earth appears as a small crescent in this high oblique 
view of the far side of the Moon taken by Lunar Orbiter 1 on 25 
August. The dark ‘‘sea"’ at lower left appears to be a large 
crater filled with congealed volcanic lava. Bottom, this high 
resolution picture of an area on the hidden side shows an 
unusual geological phenomenon formed by the superimposition 
of a large crater on an older, slightly smaller one. 
Displacement of wall material in the older crater is clearly 
visible. The large younger crater is 31 miles across, its older 
neighbour is about 25 miles. Dimensions of the area shown 
are 43 miles by 52 miles. It is located at 128-9°E longitude and 
12-5°S latitude. North is to the right hand side of the picture. 


United States Information Service 
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The telescope will be directed towards the star to be 
observed using a space reference system derived from a 
number of bright stars. A fine alignment control system will 
hold the telescope optical axis within approximately 0:1 arc. 
seconds of the direction of the observation star using pointing 
errors signals from a sensor located within the telescope itself. 
An X-ray telescope will also be carried, with its axis parallel 
to that of the ultra-violet telescope. 

The LAS is to be launched by the ELDO booster into a 
circular equatorial or sun-synchronous orbit at 650 km 
altitude. The satellite launch weight will be 800 kg of which 
225 kg will represent the astronomical and X-ray telescopes. 
The U.V. instrument, comprising telescope and spectro- 
meter, will be 3 m long and 1 m diameter. The satellite 
itself, in the launch configuration, will be 3 m long and 1-9 m 
diameter 


Scanning The Milky Way 


Astronomers at Pulkovo Observatory, Leningrad, have 
scanned the Milky Way in the 6 cm wavelength for the first 
time. The belief of some astronomers that radio emanations 
are in the main associated with the radio glow of hot gas 
(ionized hydrogen) in our Galaxy was not borne out. 
According to Yuri Pariisky, a senior scientist at the Observa- 
tory, observations have shown that even on these short 
wavelengths a considerable role is played by the emanations of 
fast electrons moving in magnetic fields at speeds close to 
that of light. He headed a group of researchers who, using 
Pulkovo’s big radio telescope and parabolic antenna (with a 
diameter of 12 metres), conducted 500 scanning sessions. 

Simultaneously, Pulkovo’s radio astronomers made a 
detailed study of about eighty bright and powerful clouds of 
ionized hydrogen and the nucleus of our Galaxy. These 
observations will help determine more exactly the physical 
conditions which exist in the most interesting parts of the 
Milky Way and their relationship with the continuous radio 
emanation of our galaxy as a whole, Pariisky said. 


Hospital Space Sensor 


Hospitals can benefit from techniques used to monitor 
astronauts’ blood pressure, according to a recent National 
Aeronautics and Space Administration report entitled 
“NASA Contributions to Cardiovascular Monitoring.” 
Produced by two Westinghouse mechanical engineers, it 
stresses the value of sensors with which men’s circulatory 
systems now can be monitored at great distances. Such 
techniques, the authors contend, can be adapted to prolong 
the lives of persons with certain types of heart disease. 

They write: “Jn view of current medical interest in special 
coronary wards equipped for continuous monitoring of circu- 
latory parameters, technology concerned with the circulatory 
system may now have considerable economic significance. 

“This monograph was written to encourage the commercial 
exploitation of this technology by industrial organizations 
that are willing to undertake such further development or 
adaptation as may be required to render these devices and 
techniques useful to civilian medicine It is also intended to 
serve members of the biomedical community who need new 
techniques but may not be aware of the technological advances 
resulting from the space effort.” 

William J. Jones and Wyatt C. Simpson of the Bio- 
engineering and Biosciences Technology Department of the 
Westinghouse Research Laboratories undertook this survey 
for NASA’s Office of Technology Utilization. Both have 
been closely associated with the artificial heart research pro- 
gramme of the National Institutes of Health. Their work 
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reviews current techniques of monitoring the blood pressure, 
pulse rate, cardiac activity, blood flow rate and oxygen 
saturation of the blood, and calls particular attention to 
advances made as part of the American space programme. 
The authors foresee use of such advances in intensive care 
wards and surgical and post-operative recovery areas of 
hospitals. 

“NASA Contributions to Cardiovascular Monitoring” 
(SP-5041) is obtainable from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, D.C. 
2040°, price 25 cents. 


New “uper-Solid’ 


Aeroje! weneral Corporation of Sacramento, California, 
has been awarded a $10 million contract by the National 
Aeronautics and Space Administration for the fabrication 
and static test of a solid propellent rocket motor of 21 ft 8 in 
diameter. The huge motor, about 80 ft long, is expected to 
develop a peak thrust of about 5:25 million lb when tesf- 
fired in June 1967 at Aerojet’s Dade County facility in 
Florida. It will be an advanced version of two motors of 
the same diameter previously tested by Aerojet in the NASA 
large solid propellent research programme. 

The new variant will use a propellent with a higher burning 
rate, and will run at or near peak thrust for about 80 sec as 
compared with 114 sec for the earlier versions which produced 
3-6 million Ib thrust. Other advanced features will include a 
revised, enlarged nozzle configuration adaptable to steering 
systems, a thrust taper-off control concept, and components 
of a failure warning system. 

Aerojet will modify and make motor components from the 
earlier tests, including use of the motor casing involved in 
the first 260-in firing of 25 September 1965, and other com- 
ponents from the previous tests. 

The large solid propellent programme is managed by the 
Lewis Research Centre in Cleveland for NASA’s Office of 
Advanced Research and Technology. 


Beyond Concorde 


Countries with space programmes will be best placed to 
develop hypersonic airliners which will follow Concorde and 
other supersonic airliners. This is the conclusion of Dr. R. R. 
Jamison, Chief Research Engineer at Bristol Siddeley 
Engines Ltd. and head of the company’s Advanced Pro- 
pulsion Research Group. The reason, given by Dr. Jamison 
in a lecture to the Royal Aeronautical Society’s centenary 
congress in London in September is that hypersonic winged 
vehicles, flying up to eight times the speed of sound, are 
likely to be used first as space transports from Earth to 
satellites before being developed for flights across the Earth. 

Space transports would replace the present vertical take-off 
rockets as space launchers. Such a project, known as 
Project Mustard, has already been proposed by the British 
Aircraft Corporation (Spaceflight, June 1966, p. 214). 
Because this uses rocket propulsion it would have the dis- 
advantages of a rocket’s vertical take-off but it would provide 
a practical attack on the first generation of space transports. 

New types of engines are being considered. These combine 
in various forms rockets, turbines and ramjets. The latter 
are jet engines with no moving parts which use the “ram” 
effect of air entering at high speed. Ramyjets are at present 
used to propel some types of missiles such as Bloodhound and 
Sea Dart. 

Engines likely to be evolved in the next decade, leading to 
hypersonic flight are: (1) Turboramjet. This is a subsonic 
engine combining a turbine and ramjet having a common air 


SPACEFLIGHT 





Space Report | contd. 


intake and jet pipe; (2) Turboscramjet. A supersonic 
derivation of the turboramjet. The “SC” in scramjet stand 
for “supersonic combustion”; (3) Turborocket. A hyper- 
sonic hybrid using rocket combustion to drive a turbine, and 
(4) Air-augmented rocket and ramjet. A combination of 
rocket and ramjet in which air is burned in the rocket efflux. 
This allows operation at low and high speeds. 

Dr. Jamison concludes: “Our advancing knowledge in the 
design of powerplants for high supersonic flight puts us in a 
position seriously to undertake their study and evolution at 
the present time to provide a follow-up to the supersonic 
generation now materializing. 

“The task will be a complex one but the basic techniques 
are available so that a methodical and well co-ordinated pro- 
gramme could lead to effective powerplants being available to 
enter service in the next decade.” 


Sweat-Cooling in SV-5D 


A simple lightweight system to remove damaging heat 
from spacecraft electronic equipment, during prolonged re- 
entry manoeuvres through the Earth’s atmosphere, has been 
developed by the Martin Company. The coolin gsystem— 
which boils water and produces steam to draw off heat, 
just as the evaporation of perspiration cools a person—is 
being flown aboard the SV-5D spacecraft being built at 
Martin’s Baltimore Division for the Air Force Systems 
Command’s Space Systems Division. The SV-5D has been 
named PRIME because of its mission—Precision Recovery 
Including Manoeuvring Entry. 

Engineers at the Baltimore plant elected to develop their 
own cooling system when they found the best one available 
had thirty parts weighing a total of 41 lb. As a result of a 
year’s work they had a system with twelve components 
weighing a total of 19 Ib, and the only moving parts were 
five squib valves. Most of the weight and component savings 
were made possible by eliminating an intermediate fluid to 
carry heat from the electronic equipment to the water. 

A shallow pan filled with highly absorbent wicking material 
is attached to the base or sides of five critical electronic com- 
ponents. Each of these cold plates is connected through a 
squib valve to an overboard exhaust line. Initially, the cold 
plates are filled with water. Following launch, as_ heat 
begins to mount within the PRIME vehicle, the squib valves 
are fired, venting the cold plates to the near-vacuum outside 
the spacecraft. 

The low-pressure thus provided to the inside of the cold 
plates permits the equipment heat to boil the water in the 
wicks at a much lower temperature than the 212° F required 
to boil water on the ground. The resulting steam flows 
through the exhaust pipe and is dumped overboard, drawn 
by the low pressure of the thin atmosphere outside the space- 
craft. A wire screen in each of the cold plates provides 
passageways for the steam to reach the exhaust pipe. 

The entire cooling system will hold approximately 1 Ib of 
water, remove 1000 BTU and operate for 30 min. 

The PRIME spacecraft, 7 ft long and 4 ft across at its 
widest point, is designed as a lifting body to provide a measure 
of lift in the lower atmosphere when it can be controlled like a 
conventional aircraft. This manoeuvrability permits selec- 
tion of a landing site over a very large area. Thrusters 
firing pressurized nitrogen gas provide attitude control in 
space, and a pair of flaps powered by a Martin-developed 
hydraulic system allow control in the atmosphere. 

As PRIME actually flies back into and through the atmos- 
phere, manoeuvring instead of simply falling, re-entry 
heating is more prolonged than that of conventional space- 
craft like the two-man Gemini capsule, and this produces 
more total heat. The components are protected by shielding 
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Flight tests of the SV-5D manoeuvrable lifting-body re-entry 
vehicle are now beginning from Vandenberg Air Force Base, 
California. The vehicle shown in this artist's impression has 
gas attitude control jets for use in space and the early portion 
of re-entry and two underflaps for pitch and roll control in the 
atmosphere (See also Spaceflight, November 1966, pp. 386-7). 


Martin Company 


material which covers the entire PRIME vehicle. The heat 
buildup generated by the electronic components operating 
within the sealed spacecraft during the flight, however, makes 
an active cooling system essential. 

PRIME vehicles are being launched in sub orbital flights 
down the Western Test Range by Atlas SLV-3 boosters from 
Vandenberg AFB, California. After a manoeuvring re-entry, 
parachutes are deployed and the vehicles recovered below 
50 000 ft by an Air Force C-130. 


Nimbus Recorder Fails 


A tape recorder for the Advanced Vidicon Camera System 
(AVCS) of the Nimbus 2 weather satellite is no longer record- 
ing TV pictures. The spacecraft’s recorder froze in position 
early on 2 September and technical experts at the Goddard 
Space Flight Centre, Greenbelt, Md., saw little chance that 
it would again record pictures. 

Although the tape recorder is not working the AVCS 
camera can still transmit pictures of cloud cover when it is 
within range of a receiving station on the North American 
continent. In consequence, pictures of other parts of the 
world, not being stored in the tape recorder, can no longer 
be received. The Automatic Picture Transmission camera 
system and the High Resolution Infrared Radiation system 
are still working. 

Nimbus 2 successfully passed its final test objective of 


2 months of continuous operation on 15 July. 





Space Report | contd. 


Luna 11 Engine System 


The Soviet automatic space station Luna 11 became the 
third artificial satellite of the Moon on 28 August. Tass 
reported that communications with the spacecraft were 
stable, with the pressure and temperature in the instrument 
compartment within pre-set limits. 

Trajectory measurements indicated that the achieved lunar 
orbit was close to pre-calculated values ranging between 
99-3 and 745-2 miles from the surface and inclined at 27° to 
the lunar equator. The orbital period was 2 hr 58 min. 

The Soviet press agency stated that the 1640 kg Luna I1 
was placed on its flight trajectory towards the Moon on 24 
August. On 26 August, at 22 hr 02 min (Moscow time), 
its path was corrected in accordance with the programme. 
When the station was approaching the Moon on 28 August, 
its retro-rockets were fired at 00 hr 49 min (Moscow time); 
as a result of the successful manoeuvre, the station became 
an artificial satellite of the Moon. 

The main purpose of the station “is the further testing of 
systems of an artificial Moon satellite and scientific explora- 
tions in near-lunar space.” No more detailed information 
was immediately released. 

However, on 31 August, an article in Pravda gave some 
details of the basic configuration, suggesting that this was 
different to that of the elementary 540 Ib Luna 10 vehicle 
which entered into orbit around the Moon on 3 April 1966 
(see Spaceflight, July 1966, pp. 244-246). 

The design of Luna 11 apparently is based on a spherical 
oxidiser tank with a toroidal tank containing fuel. To these 
are attached all the engines and systems, reducing to a mini- 
mum the number of structural attachments and resulting in 
lightweight construction. The orientation gas-jet system, 
using compressed gas stored in spherical bottles, and the 
entire system of rocket devices is controlled by programme- 


timing and logic devices on board, by signals from sensors of 


the astro-navigational system and by command signals from 
Earth. Temperature control is ensured by “a carefully 
selected range of colours either absorb.ng or reflecting thermal 
radiations.” 

A further Jass report said that by midday Moscow time on 
14 September, Luna 11 had completed 141 orbits of the 
Moon. Eighty radio communications sessions had been 
held. Radio contact was stable and telemetry indicated 
that the station’s systems and scientific instruments were 
functioning normally. 

Finally, it was announced that the last communications 
session had been held with Luna 11 at 05-03 (Moscow time) 
on | October, after which power resources were depleted. 
The communiqué stated that 137 communications sessions had 
been held with the station, yielding a large amount of scientific 
information and trajectory measurements. During its active 
life the satellite made 277 orbits of the Moon. Object of the 
mission was “to perfect methods of putting a station into an 
orbit round the Moon and continue research in near-lunar 
space.” 

Pravda of 28 September—a month after the launching—had 
contained a reference to the experiments involved: “‘The 
Station’s instruments analyse the gamma and X-ray emissions 
of the lunar surface. This will make it possible to ascertain 


the chemical composition of lunar rock. Measurements of 


the evolution of the sputnik’s orbit will help to obtain a more 
accurate idea of the features of the Moon’s gravitational 
field. There is a special instrument measuring the X-ray 
flourescence of the lunar surface for the purpose of determining 
chemical elements in the lunar rock. Among the important 


characteristics of circumlunar space are the concentration of 


meteorite showers and their distribution and the intensity of 
the hard corpuscular radiation near the Moon. The sputnik has 
special devices for investigating these physical phenomena. 
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Similar investigations, the article concluded, were made by 
the automatic station Luna 10. However, in this case the 
orbit was inclined at 72° to the plane of the lunar equator. 
Luna 11 performed its programme of research in a plane 
which is close to the equatorial. Instruments embodied in 
the new sputnik had been “‘somewhat changed” in view of the 
earlier results. Analysis of the new data and their collation 
with preceding information would help to identify various 
physical features of the Moon. Luna I1 also had some radio- 
astronomical instruments for observing and registering long 
wave radio emissions from space. 


1000th Tech Brief 


The National Aeronautics and Space Administration has 
released its 1000th Tech Brief announcing a technical inno- 
vation of value to non-aerospace industry.. The 1000th 
NASA Tech Brief No. 66-10373, entitled “Bearing Alloys 
with Hexagonal Crystal Structures Provide Improved Friction 
and Wear Characteristics,” describes a significant develop- 
ment in metal alloys by the NASA Lewis Research Centre, 
Cleveland. 

Two Lewis researchers, Robert L. Johnson and Donald H. 
Buckley, developed the improved alloys while seeking more 
durable materials for bearings that must function in the high 
vacuum of space—an environment where evaporation of con- 
ventional lubricants results in metal-to-metal contact, high 
friction, and bearing failure. 

In tests of various titanium alloys they found that those 
in which the atoms were arranged in a hexagonal crystal 
lattice structure out-performed alloys with a cubic crystal 
structure in reducing friction and resisting wear. 

Besides being useful for bearings and seals in aircraft, the 
new alloys appear valuable in the medical field, for example, 
in artificial hip and elbow joints. NASA has applied for a 
patent on the Lewis development and will grant royalty-free, 
non-exclusive licenses for its commercial use. 

Tech Briefs are single-sheet rapid announcements of 
specific products, processes, and techniques developed by 
NASA research centres or NASA contractors that appear to 
be useful in non-aerospace applications. They are issued by 
NASA Office of Technology Utilization as part of the 
Agency’s programme to pass along the practical by-products 
of space research to industry, medicine, education, and other 
sectors of the economy. 

Briefs are based on data collected by technically trained 
reporters stationed in all NASA laboratories: Their reports 
are evaluated by independent research institutes for potential 
industrial usefulness. The most promising innovations are 
summarized in the Briefs, which include the names and 
addresses of sources of additional information. Tech 
Briefs are issued in five broad subject categories: electrical 
and electronic, energy sources, materials and chemistry, life 
sciences, and mechanical. 

Typical recent Tech Briefs described a new brushless DC 
motor, a low-cost insulation for pipes carrying very cold 
liquids, a needle-like instrument that rapidly produces holes 
in metal honeycomb structures, a leak-proof valve for cor- 
rosive chemicals, a control device that automatically main- 
tains a chamber at a constant temperature, and a radiation 
detector in the form of a slender probe that is easily inserted 
in body tissue. 

Tech Briefs are distributed to interested companies and 
trade publications by the Technology Utilization Division, 
Code UT, National Aeronautics and Space Administration, 
Washington, D.C. 20546. Individual copies are available for 
15 cents each from the Clearinghouse for Federal Scientific 
and Technical Information, Springfield, Va. 22151, United 
States of America. 
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Space Composites for Industry 


Inorganic fibres developed as reinforcements in materials 
for spacecraft have many potential industrial uses, according 
to a recent report by the National Aeronautics and Space 
Administration. The publication, ““Non-Glassy Inorganic 
Fibres and Composites,”’ is one of several reports on materials 
science and engineering being issued by the NASA Office of 
Technology Utilization as part of a continuing programme to 
make the practical results of space research available to the 
non-aerospace industry. It was prepared by Dr. Cameron G. 
Harman, of the Southwest Research Institute, San Antonio, 
Tex. 

Heat and stress problems in space, Dr. Harman notes, 
have created a need for light, strong, elastic materials or 
combinations of materials markedly superior to those con- 
ventionally available. Dr. Harman writes: “Progress is now 
being made toward meeting these goals through approaches 
based on the development and use of composites having 
properties which no single material has. As much as 80°% 
reduction in weight may result from the use of ultra-strong 
filaments as reinforcements in a composite material. It 
appears that potential high-temperature strengths of fibre- 
reinforced metals may be an order of magnitude greater than 
possible with state-of-the-art materials, and operating 
temperatures may be increased as much as 2000° F.” 

The report covers new developments in boron carbide 
whiskers, boron filaments, refractory ceramic fibres, and 
fibre-reinforced metallic composites. It includes micro- 
photographs and tensile properties for copper reinforced with 
tungsten fibre, boron-aluminium composites, and composites 
with laboratory-developed fibres. 

The new combinations of fibre-reinforced metals, plastics, 
and ceramics are expected to prove useful in electrical con- 
tacts, papers, filters, fabrics, spring contacts, and super- 
strength, lightweight metals for high-temperature components 
and insulation. 

The report, designated NASA SP-5055, is available from 
the Superintendent of Documents, Government Printing 
Office, Washington, D.C. 20402, price 35 cents. 


Apollo Space Observatory 


Development of a manned astronomical observatory for 
operation during the period of maximum solar activity 
beginning in 1968 has been approved by the National Aero- 
nautics and Space Administration. The mission will require 
an Apollo Telescope Mount (ATM) and instruments for 
observing the Sun which will be designed for operation from 
a manned Apollo spacecraft. An early configuration was 
illustrated in our April issue (p. 130). The launch vehicle 
will be an uprated Saturn 1. 

The telescope mounting frame will be designed and built 
at the Marshall Space Flight Centre in Huntsville, Alabama, 
which has overall responsibility for the project. Major 
components will be purchased from industrial sources. The 
experimental instruments, for which Marshall also has 
development responsibility, will be built by the respective 
scientific investigators or contractors associated with them. 

The present programme is directed at development and 
procurement of equipment for one solar physics flight mission. 
This mission is considered as a possible alternative to a 
currently scheduled Apollo flight and would become the 
payload for one of the twelve uprated Saturn | launch 
vehicles now included in the Apollo programme in the 
event that its primary mission in the Apollo programme is 
accomplished in the earlier flights. 
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The flight mission hardware to be developed consists of a 
mounting structure, power supply, pointing control system, 
command and display console, data retrieval system, solar 
observation experiments and associated ground support 
equipment. 

Objectives of the mission are to acquire high resolution 
measurements and observations of the structure and be- 
haviour of the Sun from above the Earth’s atmosphere, and 
to test man’s capabilities for conducting astronomical 
observations in space. The pointing control system will be 
based on a control moment gyro which has been developed 
by the Bendix Corporation’s Eclipse Pioneer Division under 
the supporting research and technology programme at 
NASA’s Langley Research Centre in Hampton, Virginia. 

Experiments to be carried on the ATM will be provided by 
the following principal investigators: Dr. R. Giacconi, 
American Science and Engineering, Inc. (X-ray spectro- 
heliograph); Dr. L. Goldberg, Harvard College Observatory 
(UV spectrometer and UV spectroheliometer); Dr. J. 
Milligan, Goddard Space Flight Centre (X-ray/EUV tele- 
scope); Dr. G. A. Newkirk, High Altitude Observatory 
(white light coronagraph); Dr. J. D. Purcell, Naval Research 
Laboratory (UV spectroheliograph and EUV spectrograph). 

Each of these investigators has been conducting continuing 
solar investigations in association with NASA. Procurement 
costs are estimated at about $35 million over a three-year 
period. 


Parachutes for Planetary Entry 


A contract to build 11 experimental spacecraft equipped 
with parachute payloads has been awarded by NASA to the 
Martin Company’s Denver Division. The flight units will 
be used in experiments investigating parachute designs and 
techniques for landing instrumented capsules on Mars. 
Four will be launched by high-altitude balloon systems. 
Seven will be carried aloft by Honest John-Nike rockets. 

The incentive-type contract with Martin is expected to 
amount to $3 million. In addition to designing and building 
the spacecraft and parachutes, Martin will be responsible for 
operational support activities, launch vehicle-spacecraft 
integration and range-spacecraft integration. 

The government will provide both the balloon and rocket 
launch vehicles, range facilities and portions of the required 
flight and ground equipment. Martin was selected by the 
NASA Langley Research Centre, Hampton, Virginia, which 
manages the Planetary Entry Parachute Programme. 
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The ESRO II Satellite Project 


By C. R. Hume, M.B.E.t 


INTRODUCTION 


The ESRO II Satellite is due to be the first satellite to be 
launched as part of the joint co-operative programme between 
NASA and the European Space Research Organization and 
as such, represents the first endeavour by the latter organiza- 
tion to bring together various experiments in a satellite. 
Whilst it is true to say that other satellites have been produced 
in Europe, this is the first integrated payload involving 
experiments from different countries to be realized by 
European teams. The project, therefore, has the dual interest 
of the technical work and the project management involving 
close co-operation between various nationalities requiring a 
great deal of liaison. Methods of communication have been 
developed to take account of these special problems and to 
date have proved remarkably successful. This paper is 
presented in two parts, the first being a Technical Description 
and the second a discussion of the programme, with an 
introduction to the Programme Management. 


TECHNICAL DESCRIPTION 
OrsrIl 


The satellite is to be launched by a four-stage Scout rocket 
from the Western Test Range in California. The nominal 
orbit for ESRO II has a perigee at 350 km altitude and an 
apogee at 1100 km. For scientific reasons the inclination of 
the orbit is nearly polar at 98-22° to the equator and the 
period of the orbit should be about 99 min. In order to 
attain maximum time in sunlight throughout the life of the 
satellite, the chosen inclination and the nominal orbit have 
the property that the line of nodes, that is the line where the 
orbit plane intersects the plane of the equator, advances 
around the equator from West to East at about 1° per mean 
solar day. The perigee position regresses around the orbit 
at about 3-1° per mean solar day. 

The target date for launch is 1 March 1967, on which 
date analysis indicates that the nominal orbit plane will be 
almost perpendicular to the solar aspect line. This condition 
will obtain if the launch occurs within 40 min of the 
optimum time 


With the given nominal launch time and nominal injection 
conditions (height, speed and path angle), the satellite will 
remain almost entirely in sunlight throughout its lifetime. 
Likely errors in launch time could lead to the satellite being 
in shadow for 16°% of the orbit time. This percentage could 
be increased to 37°% by certain injection errors. 

Errors in launch time, launch date and injection conditions 
will also affect the initial attitude of the satellite spin axis 
relative to the solar aspect line. As certain experiments 
require that the spin axis be maintained within 10° of the 
normal to the solar aspect line, an attitude control system is 
included in the satellite to satisfy this requirement. The 
most likely sources of error have been studied and it is 
considered that the maximum initial attitude error will not 
exceed 50°. The control system provided will be capable of 
removing such injection errors and subsequently maintaining 
the spin axis attitude to the required accuracy throughout the 
lifetime of the satellite. 

The required lifetime for the satellite is 1 year from launch 
and initial calculations indicate that this will be readily 
achieved for all the predicted orbit perturbations resulting 
from possible injection errors. 


* Presented at the 6th European Symposium on Space Technology, 
Vay 1966, Brighton, England. 


+ Project Manager ESRO II, Space Projects Division, Hawker 
Siddeley Dynamics Lid., Stevenage. 
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Fig. 1. Experiments in ESRO II satellite. 
All illustrations Hawker Siddeley Dynamics 


EXPERIMENTAL PAYLOAD 
The ERSO II Satellite is entirely a scientific satellite and the 
experimenters’ intentions are shown in Table I. 


GENERAL DESCRIPTION 

The overall configuration of the satellite was determined by 
a number of considerations, the most important of which may 
be summarized as follows: (a) viewing requirement sensors ; 
(b) launch vehicle heat shield limitations; (c) gyroscopic 
stabilization of the spin axis attitude, requiring the ratio of 
spin to transverse axis moments of inertia to be greater than 
1-0; (d) body mounted solar cell arrays; (e) passive thermal 
control; (f) access requirements to internally mounted 
equipment and (g) allowable satellite weight for the chosen 
orbit. 

In order to meet these requirements, a configuration has 
been chosen that is basically cylindrical in layout and which 
has the axis of rotation along the geometric axis of the cylinder. 
The viewing requirements of the seven experiments have been 
met by providing essentially three areas of sensor location, 
one at each end of the cylinder and a centra! band mid-way 
along the cylinder length. This layout has been achieved 
using a simple internal structure, consisting of a thrust tube 
on the spin axis and two equipment mounting platforms close 
to the centre of the cylinder. 

The thrust tube carries three of the experiments : one at each 
end of the tube and a third mounted on the outside of the tube. 
The remaining sensors are carried at the periphery of the 
cylinder between the two equipment floors. By mounting 
the equipment on the centrally positioned floors, the ratio 
of the moments of inertia about the spin and transverse axes 
can be maximized and the gyroscopic stabilization of the 
spin axis attained. 

The general configuration and layout is shown in Fig. 1. 
The outer wall of the cylinder is made up of the solar cell 
panels positioned symmetrically each side of the central 
band of experiment sensors. Each panel is a facet of a 
twelve-sided figure, chosen in order to simplify the mounting 
of the solar cell modules. 
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TABLE [—ESRO II Experiments 





Experiment No. 


S.25 


SPONSOR 


Mc Michael 
Radio Limited, 
Slough 


Imperial 
College, 
London 
Professor 
H. Elliot 


McMichael 
Radio Limited, 
Slough 


Imperial 
College, 
London 
Professor 
H. Elliot 


McMichael 
Radio Limited 
Slough 


Imperial 
College 
London 
Professor 
H. Elliot 


McMichael 
Radio Limited 
Slough 


University 
of Leeds 
Dr. P. L. 
Marsden 


Pye Limited, 
Cambridge 
(Mechanical 
components 
by UCL) 


University 
College, 

London and 
Leicester 
Universities 
Professor 

R. L. F. Boyd 
Dr. A. Willamore 


University 
of Utrecht 
Observatory 


University 
of Utrecht 
Professor 
C. De Jager 
Dr. W. de 
Graaff 


SINTRA 
75 Asnieres 
(SEINE) 
France 


Centre 

d’ Etudes 
Nucleaires de 
Saclay, France 
Dr. J. Labeyrie 
Dr. L. Koch 


MANUFACTURER 


Objective of Experiment 


To measure the flux of energetic 
particles (Electrons and protons) 
in the vicinity of the Earth, 
particularly those on the fringes 
of the radiation belts. The 
energy thresholds are Electrons 
1 MeV Protons—15 MeV 


To measure the proton flux 
(Mainly solar in origin) outside 
the Earth’s atmosphere in the 
energy range | to 100 MeV. In 
addition, the flux of alpha 
particles will be measured in the 
energy ranges 5 to 45 MeV and 
45 to 70 MeV 

To measure the time dependence 
of the flux ratio of protons and 
alpha particles of the same 
magnetic rigidity (0-4 to 0-8 
GeV). Futher objectives are to 
investigate geo-magnetic thresh- 
old rigidities and monitor the 
flux of relativistic protons and 
alpha particles 


To measure the flux and energy 
distribution of primary cosmic 
ray electrons in the GeV range 
and the integral flux of protons 
of energy greater than 300 MeV 


To measure flux and spectrum 
of solar X-rays in the wave- 
length range 1 to 20A 


To measure the flux of soft solar 
X-rays in wavelengths between 
44 and 70A 


To measure the flux and energy 
distribution of protons between 
25 MeV and 1 GeV that belong 
either to the galactic cosmic rays 
or have been emitted by the Sun 
or have been emitted by the Sun 
during a flare. Measurements 
are also made of the flux of 
relativistic nuclei up to carbon. 


} 


DESCRIPTION 


Measurements are by two Geiger- 
Muller counters for high and low 
intensities with an automatic 
changeover logic unit to utilize the 
two data words as one for high 
intensities 


The Proton Telescope consists of 
four solid state detectors separated 
by absorbers. Coincidence gating 
and six data words allow four 
energy ranges of protons and two 
energy ranges of electrons to be 
defined 


The measurements employ a tele- 
scope consisting of two scintilla- 
tors, two proportional counters 
and a Cerenkov counter with 
absorbers. Three photomultipliers 
are used to view the two scintilla- 
tors and Cerenkov counters 


Measurements are made by a Gas 
Cerenkov Counter and a lead 
scintillator sandwich with the 
outputs taken from three photo- 
multipliers 


Spectrometer consists of five gas- 
filled proportional counters. Three 
counters operate at any one time 
and two of these can be auto- 
matically replaced by lower sensi- 
tivity counters for use during 
periods of high flux. Fe®* sources 
are contained within the experi- 
ment for inflight calibration 


Two detector units are used, each 
containing two inter-connected 
proportional counters. One is 
used as a detector and the second 
to give a calibration output from 
an internal source. Photodiodes 
trigger the logic to read “in” 
data and measurements are made 
of the solar and the background 
radiations 


The sensor consists of three solid 
state detectors, two of which are 
discs forming a telescope and the 
third is in the form of an open- 


ended box surrounding the tele- 
scope and used in an anti- 
coincidence cirduit to eliminate 
nuclear shower effects 





The three experiments S.25/ §.27/ S.28 employ a command data 
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Fig. 2. ESRO I! weight record. 


All the panels are hinged along one edge which, together 
with the quickly detachable thermal control shields at each 
end of the cylinder, permits ready access to the equipment 
mounted on the two floors. 

The thermal balance is achieved by passive control. 
Rejection of the heat from electrical dissipation in the 
electronic units is accomplished by radiation from the end 
cover shields to “space.” The rate of heat dissipation is 
controlled by suitably coating the radiation shields at each end 
of the cylinder. 

The floors are bonded honeycomb panels with aluminium 
skins and two thousandths of an inch wall thickness core. 
The remainder of the material in the structure is magnesium 
alloy. Riveted construction is used extensively. The solar 
panels are made of bonded aluminium skins with a honeycomb 
core. 

Weight allowances for the systems have been budgeted and 
Fig. 2 shows the weight growth since the start of the project. 
It will be noticed that the weight allowances shown in our 
tender at the commencement of the project, were quickly 
revised to allow for development growth. It seems possible 
that the project will end up with a weight margin in hand. 
Further information regarding the structure design is con- 
tained in ref. 1. 


SYSTEMS DESCRIPTION 
De-Spin 

During the final stage of the injection into orbit, the com- 
plete fourth stage of the launch vehicle and satellite are 
gyroscopically stabilized by spinning about the longitudinal 
axis. The spin rate is between 140 and 180 rev/min. After 
burn-out of the fourth stage motor, separation occurs. At 
this time, the satellite is still rotating at a high speed and this 
must be reduced to within the operating range for the experi- 
ments, namely 15 to 40 rev/min. A simple de-spin system is 
used, commonly known as a yo-yo or bolas system. This 
consists of two weights attached to the satellite by light 
inextensible tapes. The tapes are wound round the centre 
band of the satellite and are terminated at two limited- 
closure hooks positioned diametrically opposite to each other. 
The weights are held in position by pyrotechnic latches which 
are fired simultaneously for release. When the weights are 
released, the satellite is de-spun due to conservation of the 
total angular momentum and the satellite decelerates as the 
weights move outwards. To prevent re-spinning of the 
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satellite, the weights and wires are released when the satellite 
is de-spun. So that interference between the tapes cannot 
occur, they are located in separate guides and their length is 
limited to a maximum of one and a half complete wraps 
around the circumference of the satellite. As the assembly 
is mounted close to the plane of the centre of gravity of the 
satellite, very little disturbance of the satellite attitude will 
occur due to any asymmetric forces generated by the de-spin 
sequence. Actuation of the system is controlled by an on- 
board separation sequenc~ timer that is initiated by the 
separation of the satellite from the fourth stage. A ground 
command back-up system is also provided. 


Nutation Damping System 

Nutation or coning of the satellite spin axis will occur at 
various times. This may result from asymmetric forces 
occurring at separation, de-spin, re-spinning or during 
attitude control manoeuvres. It is essential to minimize any 
coning angle to ensure that the experiment sensor viewing 
angles are maintained within the required limits. Addition- 
ally, any large coning angles could seriously degrade the 
performance of the attitude control system. A _ nutation 
damping system is therefore provided. 

The nutation damper consists of two tubes mounted 
diametrically opposite in the satellite at the edge of the floors. 
Each tube is curved with a radius of curvature of 5 m and 
contains a ball of 16 g mass. The balls are free in the tubes 
and are not caged during the launch. Each tube is filled with 
nitrogen gas. The gap between the ball and tube is selected 
to obtain the correct viscous friction coefficient required to 
tune the system to the satellite inertia ratio. Fig. 3 shows 
the component parts of the system and the sun sensors used in 
the attitude control system. A pendulum method has been 
used for testing the nutation damper. 


Spin-Up System 

During the lifetime of the satellite the spin rate will gradually 
decay due to the effects of retarding torques resulting from: 
(a) eddy currents generated in the satellite structure and 
wiring; (6) magnetic hysteresis of ferromagnetic components 
in the satellite; (c) aerodynamic forces; and (d) impact from 
micrometeorites and other particles. The effects of eddy 
current and magnetic hysteresis torques are the most signifi- 
cant of these factors. 

Following the initial de-spin after injection into orbit, the 
spin rate must be maintained within 15—40 rev/min throughout 
the required satellite lifetime of | year. It has been calculated 
that the spin decay period of ESRO II is such that three spin- 
up actions may be necessary. This calculation has been made 
with pessimistic margins and it is likely that two spin correc- 
tions will suffice. 


Fig. 3. Attitude control components. 
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The spin-up system is a single gas jet mounted at the 
circumference of the satellite and initiated by the ground 
command system. Three gas bottles are carried, one for each 
spin-up exhausting through the single jet. Each bottle is 
charged with dry nitrogen at 200 atmospheres. A unique 
method of actuating the system is used and consists of an 
electrically operated burster tube, one for each gas bottle. 
The tube is wound with a resistance wire, the tension of which 
is carefully controlled. When spin-up is initiated, an electric 
current is passed through the wire causing it to fracture. 
The hoop tension is thus released from the burster tube and as 
its strength is inadequate to withstand the internal pressure 
due to the nitrogen, the tube bursts and the nitrogen gas 
can then pass to the jet nozzle and expands to give a spin-up 
thrust to the satellite. It is felt that this system will offer 
more reliability for long periods in space than a pyrotechnic 
system of actuation. The spin rate of the satellite is measured 
from a tapping on the solar array and telemetered to the 
ground. 


Attitude Control System 
The satellite spin axis attitude must be maintained within 
10° of the normal to the solar aspect line throughout its 
lifetime, as previously stated. This requirement is specified in 
order to satisfy the viewing requirements of the scientific 
experiments. Errors at injection into orbit and in launch 
time may result in initial angles outside this limit. Addi- 
tionally, the spin axis attitude relative to the solar line will 
change during the lifetime due to the ecliptic plane and to 
external torques acting on the satellite. 

The attitude control system is a magnetic torquing system 
in which control torques are generated by the interaction of the 
Earth's magnetic field with a field generated within the satellite 
The satellite field is obtained by energizing an electromagnet 
positioned parallel with the spin axis. Such a device is 
commonly referred to as a magnetorquer. 

Sun sensors are used to determine the spin axis attitude 
relative to the sun vector and a magnetometer is used to 
determine the magnitude of the components of the Earth’s 
magnetic field in the direction of and normal to the spin 
axis. An automatic on-board logic system is the primary 
control system. Fig. 4 shows a block diagram of the system. 

The magnetometer uses an unusual circuit combining the 
functions of an oscillator and d.c. feedback. The field 
strength range is 60 000 gamma and read-out is obtained 
from a triangular wave-form current feed-back. Three axis 
orthogonal measurements are made, each having its own 
sensor and oscillator circuit. The attitude logic sun sensors 
are mounted so that the detection plane is parallel to the 
geometric spin axis. The attitude measurement sun sensors 
are also mounted parallel to the geometric spin axis. 
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Fig. 4. ESRO II attitude control system functions. 
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Fig. 5. Power system block schematic. 


Five command channels are available for operation of the 
attitude control system and are used in the following manner: 
(a) ground logic; in this mode of operation the power supply 
to the magnetorquer is commanded from the ground by 
commands (c), (d) and (e); (6) on-board logic when the 
attitude control system is fully automatic and acts as an 
on-board closed system; (c) logic 1 for use with the on- 
board automatic system or for positive current to the magne- 
torquer when commanded from the ground; (d) logic 2, a 
duplicate of logic 1, or negative current to the magnetorquer 
when commanded from the ground; and (e) switch positive 
or negative current to zero. 

The method of operation is such that when the on-board 
system is working there is the capability of suing either logic 1 
or logic 2. Thus 100% redundancy is provided. Should 
both logics fail, ground control is switched “in’’ and the 
commands then operate different relays allowing supplies to 
be passed to the magnetorquer, as determined on the ground. 
Eleven telemetry channels are available for transmission of 
data used for the monitoring of the performance of the 
attitude control system and these may also be used for 
attitude reconstitution. 


Power System 


The power system is required to supply power to the 
spacecraft for the whole period of life. It must operate in 
full sunlight or be capable of operation when as much as 
37% of the orbital period is spent in the Earth’s shadow. It 
is designed to meet the full demands at the end of life when 
the deterioration of the solar cells due to the particle radiation 
environment causes a drop of available power. 

The electrical power for the satellite systems and scientific 
experiments is provided by body-mounted silicon N on P 
solar cells, and it has been assumed that the radiation 
environment is equivalent to an electron flux of 10** electrons 
per sq cm at 4 MeV. This is possibly in excess of the radia- 
tion environment in orbit and represents a considerable 
safety margin. Allowing for the expected drop in power 
available, the solar array will therefore supply a good deal of 
extra power at the beginning of life. Approximately 3500 
2 x 2 cm solar cells are used in the solar array and arranged 
in modules of sixteen cells mounted in two rows of eight cells. 
Each row of cells is electrically connected in series. Parallel 
connections are provided between the adjacent rows to 
provide a high factor of reliability. 

A nickel cadmium storage battery provides power for the 
load during the dark periods and covers peak power demancis 
during illumination. At the depth of discharge used, the avail- 
able evidence is that some 6000 charge/discharge cycles will 
be possible. The power is to be supplied continuously to the 
scientific experiments, data systems, command systems and 
attitude control systems. In addition, there are intermittent 
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demands by the data replay, command system when operated, 
attitude control coil, spin-up system and various switching 
relays. Fig. 5 shows a block diagram of the power system. 

The main power bus is 16 volts d.c. and this is derived 
from the solar cell battery voltage by means of a PWM 
regulator. The PWM input voltage is from 17-5 to 24 volts 
and the normal output power is 15 watts, but it has the 
capability of delivering 40 watts. The output voltage is 16 V 

2°,, and output impedance is less than 0-5 ohms up to 10 
ke/s: | ohmat 10 ke/s to 50 ke/s, and less than 0-2 ohms at d.c. 
The power conversion efficiency is 85°%. Referring to the 
circuit diagram, it will be noted that the systems are supplied 
with power from circuitry up-stream of the d.c./d.c. converter 
which supplies the experiments and housekeeping system. 
The d.c./d.c. converter supplies voltages of +1 volt, + 3 volts, 

6 volts, and —40 volts. Full wave rectification and series 
regulation is used to achieve the required stability. The power 
conversion efficiency is greater than 40°, at normal full load. 

The solar array shunt regulator is provided to limit the 
maximum working point of the solar array at 23-4 volts. 
This is necessary to prevent excessive pressure build-up 
within the battery during overcharge whilst allowing for 
adequate re-charge of the battery. The battery charge 
logic is temperature-controlled. 

Various economy mode operations are provided and these 
enable maximum operation of the satellite under various 
diverse conditions. For example, should the battery fail, 
the satellite is still capable of operation in sunlight. 


Housekeeping System 


A housekeeping unit is provided which enables ten tempera- 
ture measurements, three current measurements and a 
voltage measurement on the battery line, to be telemetered to 
ground. It includes also, the separation timer and firing 
relays for the de-spin system. 


lerials 

The telemetry and command system includes a hybrid and 
duplexer unit which completes the output from the telemetry 
and the input to the command receivers to the aerials. The 
operating frequencies are as follows: low power real time 
transmitter 136-89 Mc/s; high power stored data transmitter 
136°050 Mc/s: command receiver 148-25 Mc/s; and simultan- 
eous operation of all systems is possible 

The aerial system is designed such that the polar diagram 
given at 13605 Mc/s is nowhere worse than 8 dB below 
isotropic and at 148-25 Mc/s, 10 dB below isotropic. The 
aerials are fed from 2 outputs from the hybrid having 90 l 
dephasing and balance to 1 dB working into 50 ohms. 
The voltage standing wave ratio is better than 1-2. The 
aerial system consists of 4 beryllium copper rods rigidly 
attached to the longerons of the satellite. Experiment results 
to date indicate that the best polar diagram is obtained when 
the aerials are parallel to the spin axis 


Telemetry) Svstem 


The ESRO II telemetry system is a pulse code modulation 
system comprising a low power real time transmitter and a 
high power transmitter to play back tape recorded data, and a 
PCM encoder. 

The PCM encoder generates the following format: bit rate 
128 per sec; word length 8 bits; frame length 32 words; 
master frame length 8 frames; master frame rate 16 sec; and 
number of words per master frame 256. 

The bit rate at 128 per sec is obtained by counting down 
an internal 2-6 megacycle clock. For synchronization 
purposes, the first two words of each frame and master 
frame are coded and a further two words are used to transmit 
timing information. Ten bits only are employed to count 
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Fig. 6. Aerial testing facility with model satellite. 


in binary code the number of master frames transmitted, 
giving a maximum count of 1023 for a period of approxi- 
mately 274 min. 

Each experiment transmits its primary information as 
serial digital data, using eighteen channels between the 
seven experiments. Some channels consist of several words. 
Four eight-bit words are used for on/off data and each bit is 
fed to the encoder on a separate wire. There are two types of 
analogue inputs to the encoder, single-ended and balanced 
inputs, both with a range of zero to 5 volts. 

Five commands control functioning of the telemetry 
system and two back-up commands for use in an emergency. 
The five are: record; play back; play back back-up; stop 
recorder ; and input to low power transmitter. 

In the event that the high power transmitter should fail, it 
is possible to transmit recorded data by means of the low 
power transmitter by commanding input to the low power 
transmitter. A 

A 5-min timer is built into the system to return from play 
back to record. No radiation termination switch is fitted, 
this function is done by command. The facility to switch on 
again by command is also provided. 

The two telemetry transmitters are virtually identical, their 
characteristics being: 





Power Power 
Frequency watts consumption Weight 
Mes output watts kg 


136-89 0- 0:23 


Low Power 2 
136-05 2-0 5: 0-28 


High Power . 





Both transmitters have automatic control of the output 
frequency. Potted module construction is used and boxes 
are gold plated. The carrier frequency of both is phase 
modulated by the incoming data, although the input to the 
low power transmitter is already modulated by a sub-carrie 
at 1300 c/s. 

The tape recorder accommodates an endless loop of 
200 ft of | in magnetic tape by a single spool giving a duration 
of 110 min of normal recording speed at 0-4 in per sec. 
Play back takes place at 12-8 in per sec. There are two tracks 
on the tape: one for data and one for basic encoder clock 
(128 cycles per sec). During play back, the clock signal is 
used to regenerate the data correctly and the drop out of data 
is less than 1 in 10° bits of information. 
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Fig. 7. ESRO Il within Scout heatshield. 


Command System 

The command system is capable of receiving thirty-six 
different commands. It is convenient to discuss the system 
in two parts: the receiver and the de-coder. 

The receiver takes the form of a conventional double 
superhet, operating at carrier frequency of 148-25 Mc/s. It 
has two IF frequencies at 10-7 Mc/s and 1-65 Mc/s, both 
local oscillators being crystal controlled. The receiver 
sensitivity is such that with 2 microvolts input at the aerial 
socket, the detected output is 800 millivolts into 600 ohms. 

The transmitted information in a pulse duration code 
consists of words with ten pulse periods. A frame consists 
of five words, made up of two address words followed by 
three order words. In any normal transmission, four 
identical frames are transmitted, two with transmitting aerials 
vertically polarized and the other two horizontally polarized. 

As soon as the receiver detects the presence of correct 
carrier frequency, a mono-stable device operates in the 
circuit of the receiver and switches +6 volts to the input 
logic to the decoder. When the receiver detects a sub-carrier 
frequency, a further mono-stable device in the decoder 
operates enabling the logic circuit to examine the duration of 
the first pulse which is the sync pulse. If the sync pulse is 
good, another mono-stable device switches on the decoder 
logic for a further period of time and the internal clock 
commences counting into the binary chain. The output of 
this chain is fed to a series of gates which are opened and 
closed by the presence or otherwise of the incoming pulses. 
If the output from these gates is recognized as an address 
code or command code, the information is stored in a logic 
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memory circuit. The information stored within the memory 
is now presented to another series of gates and routed to the 
correct decoder output switch. This is also a mono-stable 
device which switches the + 16 volts supply across the correct 
pair of output pins, producing an output pulse for command 
relay operation. 


aunch Booste er face 
Launch Booster Interface 


The general arrangement of the satellite and the boost 
vehicle is shown at Fig. 7. 


Ancillary Equipment 

Handling trollies and transportation containers are provided 
for the satellites. These are designed to meet the various 
environmental conditions to be encountered. Fig. 8 shows 
the container. 

Check-out gear providing an R.F. link is used with the 
satellite, the output from the telemetry being recorded and 
processed on a DP 111 computer. Special-to-type check-out 
gear is provided for each of the systems so that systems check- 
out can be done in situ on the satellite by hard line connections 
as well as system check-out on the bench. 


PROGRAMME AND PROGRESS 


PROJECT MANAGEMENT 

The organization for the project management at Hawker 
Siddeley Dynamics consists of eight engineers and administra- 
tors who form the project group responsible to the Project 
Manager. The prime function of the group is to progress and 
control the finance, technical and test programmes. Other 
ESRO II groups are organized within the various specialist 
departments of the Space Division at Hawker Siddeley Dyn- 
mics by a senior person of each department and these provide 
a service to the Project Manager. Sub-contractors are also 
progressed, and all customer liaison is carried out,, by the 
project group. 

The first obvious problem facing the Project Manager was 
the number of different nationalities involved in the project. 
In all, four different nations were involved. Fig. 9 shows the 
participants in the project and, of course, ESRO itself is a 
multi-nation organization. Each participant required de- 
tailed and accurate technical interfaces. In all respects, the 
information had to flow both ways to and from the prime 
contractor, experimenters and _ sub-contractors. Careful 
consideration was given to the means of communicating, 
recording and modifying this information. The exchange 
of information needed to be accurate yet capable of change 
and of rapid dissemination and understanding by all concerned 
Furthermore, as the programme progressed, the extent of any 
change needed to be strictly controlled and assessed. It was 
decided to approach this problem in two ways. The first, to 
foster the widest possible contact between those involved. 
The second, to have a system of recording through formal 
specifications and documents, these documents to be con- 
trolled and discussed at regular meetings. The agendas of the 
meetings are tailored for the particular phase of the programme 
(three different phases are necessary throughout the life of the 
project) and a form of systemized reporting is used. The 
form of reporting assists the engineers involved, in that having 
attended two or three of the meetings, they became very 
familiar with the form and some of the effort in listening to a 
foreign language was reduced, thus enabling them to contri- 
bute more forcibly. 

Another prime difficulty facing the project was the geo- 
graphical dispersion of the establishments concerned in the 
project. It should be noted that the association of Hawker 
Siddeley Dynamics and Engins Matra goes beyond contractor 
and sub-contractor and it was decided to exploit this special 
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Fig. 8. ESRO II transport container and slinging yoke. 


relationship on ESRO Il. A joint design team was formed 
and technical meetings alternated between Paris and London. 
Engins Matra had practical experience of space problems at 
the commencement of the project and subscribed whole- 
heartedly to this arrangement. This approach bridged the 
gap between the two main languages as Hawker Siddeley 
were able to call on the help of their French associates when 
required. The remaining Hawker Siddeley contractors 
shown in Fig. 9 were chosen after open tender action was 
initiated by Hawker Siddeley Dynamics, ESRO finally 
approving the assessments. 

Another innovation was that from the start of the contract, 
ESRO representatives attended all our project meetings as 
active participants. It may be considered slightly unusual 
for one’s customer to do this, but the advantages of this 
approach far outweigh any disadvantages and contributed 
greatly to the solution of the communication problem. 
There are, of course, many other facets of running a project 
such as this, but it is felt that these were worthy of mention in 
view of the international nature of the symposium. 


PROGRAMME 


The ESRO II project was commenced on | December 1964 
and the satellite is due to be launched on 1 March 1967, a 
period of 27 months. When the contract was obtained the 
proposed programme required careful consideration and it 
became fairly obvious that replanning would be needed and 
that progressive replanning would be required as we become 
more experienced. It was decided to use PERT techniques, 
although with reservations, since many logic changes and the 
inability to influence all inputs by the usual methods would 
undoubtedly reduce PERT effectiveness. Nevertheless, the 
experience gained with the use of PERT suggests that even 
with these limitations, it has been very worthwhile on this 
type of project. It is not intended to use the PERT pro- 
gramme for discussion in this paper, but use simple illustration 
of the programme intent and progress. 

The programme is illustrated in Fig. 10 and it can be seen 
that it is broken down into three phases: Phase A—Design, 
months 1 to 10; Phase B—Test, months 10 to 19; and 
Phase C--—Production, months 19 to 27. 
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The design phase included preparation of Design ‘and Test 
Specifications and some preliminary testing. It was planned 
that this phase A work should be 90°, complete by month 10. 
It can be seen that we fell a little short of this target. How- 
ever, this was due to revision and modification of specifica- 
tions rather than failure to complete basic design. The 
up-dated technical picture was known to the team, so working 
knowledge was available and good progress was possible in 
the early stages of the second phase. 

The testing in phase A was intended to provide evidence for 
design conclusions and provide experience of the problems 
for the designers. In this connection, it was decided that a 
representative full size structure would be built as soon as 
possible. This was to be tested so that results obtained 
could be used in the final design. The results were available 
at the end of month 6 of the programme and gave us early 
confidence in our mechanical design. Fig. 11 shows this 
model. 

The test phase B was planned to extend to month 19 at the 
end of which the design should be compleiely tested and 
frozen. It was planned that the necessary testing would be 
completed using three full scale models in addition to the 
usual host of piece part tests. 

The three models were to be: (a) the second vibration 
model, which would then be used for electrical and R.F. 
integration; (b) thermal model for heat balance testing in 
vacuum chambers; and (c) a design test model PI to full 
flight standard, to be used for confirmation of the flight 
standard before further models were completed. 
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Top, Fig. 9. ESRO II satellite project participants; bottom, 
Fig. 10, programme plan and achieved ESRO II satellite project. 
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About month 9, it became obvious that to attempt the 
second series of vibration tests and electrical integration using 
the same model, could cause a severe restraint in the pro- 
gramme. We were becoming more appreciative of the 
problems of electrical and R.F. integration as well as the 
normal production problems of manufacture and so it was 
decided to introduce a full scale model into this phase and 
make some adjustments to our integration philosophy. The 
revised intention was as follows: (a) the second vibration 
model would be used for full design test levels and testing 
completed by month 14; (4) the thermal model was to be 
completed by month 13 and the thermal tests by month 16; 
(c) a bread-board integration model was to be in operation by 
the end of month 13 and at the commencement of month 14 
an integration structure would be available so that electrical 
and R.F. integration would be completed by month 18; 
it was intended that the integration model would act as a 
milestone for the first supply of all systems and units; and 
(d) the design model P1 would now revert to a confirmation 
of the final flight design before the P2 model for ESRO design 
acceptance was completely built. 

The production phase C included (a) the building and 
testing of the customer design acceptance model P2, (5) the 
building and testing of the flight models Fl and F2, trans- 
portation to the launch site and launching of F1. 

Throughout these various phases, a series of management 
objectives were planned for each 3-month period. These 
embraced finance, procedure formulation, staff build-up and 
run down, liaison objectives and programme implementation. 
In addition, as previously stated, the formal technical and 
management meetings were tailored for each particular phase 
of the programme so that the work content of each phase 
could be properly progressed. 


PROGREsS (to 31 March 1966) 

The progress of the project is shown in outline on Fig. 10 
and it is convenient to discuss this in relation to the models 
described above. 

The second vibration model is illustrated in Fig. 12. 
This mode! was subjected to a test programme as follows: 
(a) resonance search at a low vibration input level to deter- 
mine Q factors of the structure ; (4) high level sine input in the 
axial and two lateral planes. The input was at 1-5 times the 
expected environment; (c) random input in the axial and two 
lateral planes; (d) centrifuge tests at 45g; and (e) further 
resonance search at flight level to map the Q factors of the 
structure at twenty-two different points. This would enable 


Fig. 11. Vibration model structure. 
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Fig. 12. New vibration model. 


Hawker Siddeley Dynamics to give the experimenters a 
detailed breakdown of the Q factors they could expect at the 
location of their experiments. 

The structure withstood the environment very well although 
it was shown that the method of securing the taller units 
would need to be changed. It was intended that all units 
were to be bolted to screw inserts in the honeycomb floor. 
On the tallest units, these pulled out under random vibration 
test, so the form of insert was changed to a bolt-though type 
with a securing plate on the lower side of the floor. Extensive 
piece part testing was carried out with satisfactory results. 
From the point of view of vibration environment, Hawker 
Siddeley Dynamics are quite certain the present standard of 
structure design is satisfactory and production has commenced 
on all the remaining satellite structures. 

According to our original programme, the thermal model 
was due to be delivered to ESTeC on 21 November, 1965: in 
fact, it was delivered on 5 December 1965. The thermal 
testing was arranged in three phases: (a) simulated heat input 
by use of heater blanket; (5) two tests using solar simulation 
with solar panels not fitted with solar cells; and (c) a final test 
of solar simulation using the correctly fitted solar panels 
complete with cells. 

The first two phases are completed and the thermal design 
was sufficiently proven to allow one test to be adequate in 
phase 2. The final test was delayed owing to the need to 
carry out extensive thermal chamber calibration. The 
thermal model is fitted to the standard required and it is 
expected that the final test will take place in late April. The 
tests to date have confirmed the validity of the mathematical 
model being used for orbit thermal calculations, and the 
practicability of final trimming of the heat balance by end 
cover painting. 

The bread-board loom was prepared and after bench 
check-out the various systems and experiments were integrated 
into the loom. The telemetry and command systems were 
not available for the first weeks of operations and telemetry 
interfaces were checked with simulators, whilst an ad hoc 
method was used for commanding the satellite systems. 
Much useful work was done during this period and some 
problems of interference and power supply “spiking” were 
solved. In the absence of the R.F. systems, an R.F. signal 
generator was used to ascertain the susceptibility of the experi- 
ment detectors and satellite systems to the R.F. frequencies 
which would be used on the satellite. Extensive testing of 
this nature showed that a considerable field strength could be 
tolerated. - When a bread-board telemetry encoder became 
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Fig. 13. Final assembly of thermal model. 


available, the data interfaces were checked and some small 
problems resolved. A full standard of satellite structure for 
integration became available at month 14 and the power 
systems attitude control system, housekeeping and experi- 
ments were quickly integrated into this structure (Fig. 14). 
In the meantime, the telemetry and command systems were 
delivered and work commenced to integrate these in the bread- 
board loom. At the time of writing, the work is proceeding 
satisfactorily although the lack of experience on using the 
check-out equipment and computer software is seen to be a 
problem which could cause some delay. 








Fig. 14. , Integration model. 
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The PI design model is built and the loom is installed and 
systems for this model are becoming available. Solar panels 
are completed ready for installation and it is expected that 
work can proceed to programme. 

The piece parts for the remaining structures for models 
P2 (customer design acceptance), Fl and F2, the flight models, 
are in course of manufacture and it is anticipated that these 
structures will be completed ready to receive systems in the 
next two months. 

At 31 March 1966, the prime area of experience to be 
gained is in the finai electrical and R.F integration of the 
ESRO II Satellite. Such tests as have been possible give 
good indications of success: however, the problems of this 
integration and the proving of check-out computer software 
are not underestimated. The programme activity has been 
reviewed for the period | April 1966 to launch | March 1967 
and shows the probability of maintaining the launch date. 


CONCLUSIONS 

The ESRO II Satellite project, being the first satellite for 
the ESRO organization, has in many ways set the pattern for 
future activity. Certainly, all parties have worked together 
in a manner which sets the highest example for the future. 
In this respect, those that have been associated with the 
project, have gained much personal experience. The technical 
problems, new in many ways to Europe, involving different 
nationalities, have proved capable of solution whilst at the 
same time, the programme to completion has been maintained. 
The liaison with the scientists providing experiments in 
ESRO II has been most satisfactory and interface problems, 
which are bound to occur, have been rapidly overcome. 
The project holds out every prospect of success. 
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Review of Satellite Combined Attitude 
and Orbit Control Systems’ 


By A. G. Earl and B. P. Day 


Introduction 

For some time the R.A.E. has been developing jet systems 
for the attitude control of rockets and spacecraft ; these have 
employed compressed gas, high test peroxide (H.T.P.), 
isopropylnitrate (I.P.N.) and propane as the working fluids. 

For most of the attitude control systems considered so 
far the total impulse required has not exceeded about 3000 
Newton-seconds. Up to this level of impulse a liquified 
propane system is probably the most suitable of those 
developed at present. However, for satellite station keeping, 
including the initial manoeuvre of putting the satellite into 
its desired position and with the right velocity after orbit 
injection, the total impulse required may easily exceed 
10000 ns. At these higher energy levels it is worth reviewing 


the possible propulsion systems to determine the most 
promising approach for further development work. This 
Report makes such a review, with possible U.K. or European 
station keeping satellite projects as a background. 


2. Technical Basis of Review 

It is impossible to assess properly the merits of various 
satellite propulsion systems without reference to the design 
requirements for the satellite itself, whether the satellite is 
spin or otherwise stabilized. Certain assumptions have 
therefore been made about the satellite design to provide a 
common basis for assessing the masses of the various pro- 
pulsion systems. If for a particular satellite proposal any 


of these assumptions are noticeably invalid, the choice of 


system may well be dictated by operational requirements, 
rather than by selecting the lightest system. The implications 
of this are discussed later. 

The results of this assessment are presented as overall 
system mass against total impulse required ; they are therefore 
applicable to a range of satellite designs. However, in order 
to ensure that realistic requirements for possible U.K. or 
European projects were being considered, the following 
assumptions were made: 

Satellite mass ; 100 kg 
Initial velocity increment required to put 

satellite on station 
Impulse therefore required to put satellite 

on station .. 
Force required to keep satellite on ‘station 
in longitude = a - 1 dyne 
Useful life of satellite 10° sec ==3 
years 
Impulse therefore required for station keeping 10° Ns 
Impulse required for attitude control “ 10° Ns 
Total impulse therefore required 1-2 10* 
Ns 


100 m/s 


104 Ns 


Maximum permissible time for applying 
initial velocity increment and positioning 
the satellite on station .. ee ae 2 10° 
sec ==3 
weeks 
Minimum average thrust therefore per- 
missible for station keeping jet . . 
Maximum continuous power available for 
station keeping and attitude control 
Extra power available while putting satellite 
on stationt ned 50 watts 
Mass of power supply, using solar cells re 0-5 kg 
watt 


500 dynes 


5 watts 


* Communication from the Space Department, Royal Aircraft 
Establishment, Farnborough. Reproduced by permission of the 
Controller, H.M. Stationery Office. 
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Satellite spin rate, if spin stabilized 2 rps 

The same propulsion system should be used for both orbit 
and attitude control. 

For a spinning satellite, 1 station keeping and 1 attitude 
control jet are required. 

For a fully stabilized satellite, 2 station keeping and 6 
attitude control jets are required. 


For assessment purposes the masses of the various systems 
considered have been divided into ‘“‘dead’’ mass and “‘fuel”’ 
mass. The “dead’’ mass of the system comprises all those 
components such as valves, thrusters, etc., which are essential 
for its safe operation, but whose mass is independent of the 
amount of fuel carried. The masses of the components 
required for both attitude and orbit control are included in 
the system’s ‘dead’? mass. However, the mass of the 
necessary piping and wiring has been excluded, because this 
is more a function of the satellite design than of the type of 
system and therefore it cannot be accounted for realistically 
in a general assessment. 

The ‘“‘fuel’’ mass is made up of the fuel carried, the tank, 
any necessary bag therein and the mass of any expulsion 
system for the fuel, such as compressed nitrogen bottles. 
To arrive at the ‘fuel’? mass for any given total impulse 
requirement, the “‘effective’’ specific impulse has been deter- 
mined as far as possible for each system. The “effective” 
S.f. is based, of course, on the theoretical value, but is 
suitably factored to allow for the practical problems of 
thruster design, nozzle efficiency and the mass of the tank 
system. In the latter due allowance has been made for 
ullage space and tank fittings, as well as just the weight of the 
shell. 

It is known from measurements on several systems that the 
specific impulse obtained may be reduced if the jets are 
pulsed rapidly; this is particularly noticeable in the case of 
hydrogen peroxide. For a spin stabilized satellite, where 
control can only be obtained by pulsed operation of the jets, 
an attempt has been made to allow for this degradation, where 
appropriate, by suitably decreasing the effective S.I1. assumed 
for the fuel. A further degradation results from the fact 
that, due to the satellite’s rotation, the direction of thrust is 
changing during a pulse and therefore the thrust will be 
misaligned for much of the time. This has been allowed for, 
where appropriate, in estimating the effective S.I. for each 
system for the spinning satellite case. 

In the graphs showing estimated system performance as 
mass versus total impulse, the intercept on the mass axis 
represents the “‘dead’’ mass of the system, while the slope of 
the graph is determined by the “‘effective’’ S.I. of the fuel and 
its tankage. Throughout this paper, specific impulse is 
used in the sense :-— 

ST... gr te nicende. 
Mass flow in kg per second 


Possible Propulsion Systems 

Many spacecraft propulsion systems have been proposed 
or investigated experimentally. The majority fall into the 
following classification :— 

Compressed cold gas systems e.g., nitrogen or helium 

Heated compressed gas systems e.g., resisto-jets 

Liquified gas, used as a cold gas_ e.g., propane, ammonia, 

water 


+ It is assumed that this can be made available from the s «tellite’s 
communication equipment until the satellite is on station. The 
mass of this power supply need not therefore be debited to the 
station keeping system. 


29 





Review of Satellite Combined Attitude and Orbit Control Systems | contd. 


Liquified gas, superheated after 
evaporation g., propane 

Monopropellent systems .z., HTP, IPN, hydra- 
zine 

Bi-propellent systems .z.. UDMH and di- 
nitrogen tetroxide, 
electrolysed water 

Solid propellents ».g., Subliming solids, 
aluminized ammonium 
perchlorate 

Electric thrusters .g., plasma and ion 
motors, arc jets 


Some of these can be eliminated immediately as being 
obviously unsuitable for providing comparatively high 
energies and accurate control of satellite velocity and attitude 
over long periods. The compressed gas systems were 
excluded on the grounds of their excessive mass, caused by 
their poor specific impulse and the heavy storage bottles they 
require. The solid motors were also eliminated, the con- 
ventional types on the grounds of lack of thrust control, 
while the subliming solids are not very suitable for high 
energy levels 

On basis of the literature and previous R.A.E. work it 
was possible to select the most promising systems, namely : 


Propane and superheated 
propane 

Monopropellent systems H.T.P. and hydrazine 
Bi-propellent systems Electrolysed water 

Electric thrusters Plasma motors 


Liquified gas systems 


In the following sections mass and performance figures are 
presented for each of these systems. In the first two cases, 
propane and H.T.P., the data is largely based on measured 
characteristics and weighed components; but for the other 
systems the required data had to be estimated. 


Propane Systems 


4.1. Cold gas system. Considerable development work 
has been completed in the R.A.E. on a system which operates 
on cold propane gas stored as a liquid under pressure and 
converted to gas by passing through a boiler. The masses of 
the components required are therefore known and are: 


Liquid pressure reducing valve Va .. 180 
Gas pressure reducing valve 230 @ 
Boiler (for 0-05 n continuous thrust without 
requiring electrical power) . 90 g 
Jet control valve with integral ‘nozzle (0-05 n 
thrust) ea , 80 g 
Therefore two valves for spin stabilized 
satellite 160 2 
Therefore 8 valves for fully stabilized 
satellite 640 
Therefore total for spin stabilized satellite 660 
Therefore total for fully stabilized satellite 1140 


The performance of the venturi nozzles when operating on 
propane gas under vacuum exhaust conditions has also been 
measured and the specific impulse obtainable for sustained 
thrust is 62 sec. From tank design work it is known that the 
weight of a tank containing 5 kg of propane with suitable 
ullage space, mounting flanges, etc., is some 20° of the 
weight of the contained fuel. The “‘effective’’ S.1. of propane 
at S.T.P. is therefore close to 50 sec during sustained thrust. 

The jet control valve operating times and gas pressure rise 
times with this system are only a few milliseconds. There is 
therefore negligible degradation of S.I. during normal pulsed 


operation, so that the value of 50 sec for the effective S.I. of 


the system can be applied to both spinning and non-spinning 
satellites 
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Fig. 2. Performance of H.T.P. systems. 
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Fig. 3. Performance of hydrazine systems. 
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Crown Copyright Reserved. 
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4.2. Superheated gas system. A ‘brief study has beer 
made to determine the improvement that can be obtained in 
a propane gas system by superheating. It would seem unwise 
to heat the gas beyond 900° K, as serious dissociation is 
likely to occur, with the attendant danger of depositing 
carbon within the systern. This, therefore, has been taken 
as the maximum permissible superheated gas temperature. 

The specific impulse that would be obtained from a propane 
system using gas at 900° K may be taken as :— 

(9004 
\288/ 
Allowing for the weight of the tankage the effective S.1. will 
be about 80% of this, i.e., 88 sec. 

At a specific impulse of 110 sec the power required to 
superheat the gas to 900° K at a rate corresponding to 0-05 n 
(5 g) thrust from one jet is 45 watts. It is estimated that a 
45 watt electrical superheater would weigh at least 150 g. 

The mass of the power supply required to run the super- 
heaters during initial station acquisition can be ignored, but 
not thereafter, unless the power can be obtained from the 
5 watts continuously available for the control system. The 
combined average thrust for station keeping and attitude 
control, after the intial manoeuvre, can be determined from 
the designed life of the satellite and the impulse allowed for 
this period, i.e., the average thrust is 2 x 10° « 10° x 10-° 
2 dynes. The average power required for these heaters 
during the useful life of the satellite is therefore approximately 
0:02 watts, which is well within the 5 watts available for 
continuous control. 

As an alternative to providing the energy of superheat 
electrically from solar cells, the use of a solar concentrator has 
also been considered. However it is only feasible for non- 


62 = 110 sec. 


spinning satellites and even here it is likely to be as heavy as 
the electrical heater/power supply system, so it has not been 
considered further. 

Summarizing these “‘dead’’ mass figures for superheated 
propane systems, we have: 

For spinning satellite: mass of cold propane system 


superheaters = 660 + 2 150 = 960 g. 
For fully stabilized satellite: mass of cold propane system 
8 superheaters 1140 + 8 150 = 2340 g. 

The effective S.I. of a superheated propane system may be 
taken as 88 sec for a fully stabilized satellite. 

For a spin stabilized satellite this is likely to be reduced, 
due to the superheater volume between the control valve and 
the nozzle and also because of the misalignment of thrust due 
to satellite rotation. From our work on pulsed propane 
jets, it would appear that the effective S.I. of a superheated 
system having a thrust build-up time-constant of 0-03 sec 
might be only 85°% of the non-spinning case, i.e., 75 sec. 

Figure 1 shows the estimated mass vs. impulse performance 
of both cold and superheated propane systems for both fully 
stabilized and spinning satellites. 


5. High Test Peroxide Systems 

From previous R.A.E. work on H.T.P. systems realistic 
data can be obtained on the components required and their 
probable masses, which may be listed as follows :-— 


Start valve Sig Ne ee .. 140g 
Vent valve ea * Ks +s oy! 70 g 
Dump valve... “e ‘a - .. 140g 
Reducing valve. : a ra > emg 
Fuel control valve and relay =e 100 g each 
Motor with catalyst pack to give 10 n (1 ke) 

thrust 80 g each 
Therefore 2 control valves, relays, motors. 

and catalyst packs for spin stabilized 

satellite ée ea ae a 360 g 
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Therefore 8 control valves, relays, motors 

and catalyst packs for fully stabilized 

satellite 1440 g 
Therefore total for spin ‘stabilized satellite 960 g 
Therefore total for fully stabilized satellite 2040 g 


Our present experience indicates that attempting to use 
thrusts much lower than 10 n (1 kg) might result in serious 
loss of efficiency (S.I.) and decomposition instabilities. 

In a fully stabilized satellite, the fuel and expulsion system 
needs fuel, fuel tank, fuel tank bag, compressed nitrogen and 
nitrogen storage bottles. 

For a spinning satellite, the fuel tank bag may be omitted 
if the fuel tank is so mounted in relation to the satellite’s 
spin axis as to impose a centrifugal force on the fuel. The 
mass of the bag is some 2% of the fuel weight, so this repre- 
sents an increase in the effective S.I. of a system for a spinning 
satellite. However, the effective S.I. is decreased as a result 
of the satellite’s spin causing thrust misalignment and necessi- 
tating short inefficient pulses of thrust. This combined 
degradation is likely to be about 15%, so the result is to give 
an effective S.I. for the spinning satellite of some 87°% of 
the fully stabilized design. Our experience indicates that the 
effective S.I. of an H.T.P. system complete with fuel tank, 
bag and nitrogen expulsion equipment is about 120 sec. 
The corresponding figure for a spinning satellite shoud 
therefore be 104 sec. 

Figure 2 shows the estimated mass vs. impulse performance 
of H.T.P. systems for both fully stabilized and spinning 
satellites. 


6. Hydrazine Systems , 


Very little, if any development work has been conducted on 
equipment for hydrazine monopropellent systems in the U.K. 
Most of the past development in the R.A.E. on such systems 
has been carried out on I.P.N., which is a similar fuel to 
hydrazine, but it had the merit of already being a recognized 
service fuel. In the past both hydrazine and I.P.N. have not 
been very suitable for use in satellites requiring repeated 
thrusting, owing to the complexity of their ignition systems. 
However, the comparatively recent discovery of the Shell 405 
solid catalyst for hydrazine has completely altered this 
position. When used with such a catalyst hydrazine would 
appear to have all the merits of relative simplicity of an 
H.T.P. system, while apparently avoiding some of the dis- 
advantages of being very unpleasant to store and handle. 
Therefore, a hydrazine system is considered in this review. 

In the absence of direct experience with a hydrazine/catalyst 
system it seems reasonable to assume that the masses of the 
components will be the same as those of an H.T.P. system 
and this has been done in this survey. However, when we 
come to consider the fuel mass required, it is already known 
that both I.P.N. and hydrazine produce gas at very much 
higher temperatures than H.T.P., when decomposed by 
burning. Therefore, when estimating the mass of fuel and 
tankage required to fulfil a given impulse requirement, an 
effective S.I. of 185 sec has been assumed, which is believed 
to be conservative. The performance of a hydrazine/catalyst 
system, estimated in this way, is shown in Fig. 3. No degra- 
dation factor has been applied for the spinning satellite 
case, partly because it is not expected that pulsing will affect 
the system seriously and also because any effect there may 
be is probably within the uncertainty of the assumed figure for 
the effective S.I. 


7. Electrolysed Water Systems 


A system has been proposed for which the “‘fuel’’ is water. 
Using an initially weak solution of caustic-potash the water 
therein can be decomposed into hydrogen and oxygen by 
electrolysis, using current from the satellite’s power supply 
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system. The hydrogen and oxygen produced will, of course, 
be in the chemically correct proportions for burning and so 
producing superheated steam for a thruster. Some pre- 
liminary work on this system has already been started in the 
R.A. The components required are electrolyser, electro- 
lyser power converter, gas control valves and relays, thrusters 
(comprising combustion chamber, nozzle and _ igniter), 
ignition system, tank and caustic-potash solution. 

It has been reported that a small thruster working on this 
principle has reached a specific impulse of 380 sec. Therefore, 
to provide the minimum average thrust of 500 dynes required 
for the assumed satellite design, an average gas flow of 
§00,/(981 380) = 0-00134 g/sec is needed. 

To produce this quantity of gas a current of about 14 amps 
is required. From preliminary R.A.E. experiments it appears 
that the supply to the electrolysers should be at about 2-2 
volts, so as to produce a current density which provides a 
reasonable compromise between power requirements and the 
electrode areas necessary. Under these conditions the area 
required for both positive and negative electrodes is some 
3 10° cm? each. It is estimated that such an electrolyser, 
including its container and wick feed for operation under 
“zero-g"’ conditions, would have a mass of 1:5 kg. The 
power converter required to supply the required 31 watts at 
2-2 volts is expected to weigh a further 0-5 kg. 

For the gas control valve, it is believed that the same type 
could be used as has been developed for propane systems and 
these have a mass of about 70 g each without their nozzles. 

From preliminary design work it would appear desirable 
to use thrust motors giving some 0-2 N thrust at a combustion 
chamber pressure of about 10 atmospheres. The chambers 
are then expected to be about 3 mm diameter by 3 mm long, 
so that the complete thrusters may weigh about 50 g each. 
Most of the bulk and mass of these units results from the 
need for flame traps, ignition devices, pipe couplings, etc. 
Development of an ignition system for this application has 
only just been started at the R.A.E it may eventually be 
possible to use a solid catalyst, in which case the mass of the 
ignition system should be negligible. However, in case it 
proves necessary to use spark ignition with an H.T. source 
and some form of switching distributor to supply each 
thruster, 300 g is included for the mass of the ignition system 

To supply | 10* N sec impulse using “fuel” with an 
S.I. of 380 sec will require 1-2 10' 10°/(981 380) 
3160 g of water Allowing 10°, ullage space in the tank this 
is equivalent to 3-5 litres. A spherical titanium tank to 
contain this will be about 19 cm in diameter; assuming that 
the tank can be made only 0-2 mm thick it will have a working 
stress of 3-6 10° N/m? (52 000 Ib/sq in) at a maximum 
operating gas pressure of 15 atmospheres. Such a tank 
should have a mass of about 150 g including its fittings. This 
is some 5°, of the fuel mass which it would contain, so a 
value of 360 sec is assumed for the effective S.I. 

No further degradation of S.I. is assumed for the spinning 
satellite case, as it is expected that the pressure rise in the 
motors on ignition will be very rapid and the decay on shut 
down also fairly fast. An operating gas pressure of 15 
atmospheres has been allowed in the tank, compared with 10 
atmospheres in the combustion chambers, to obtain rapid 
gas flow through the control valves. For some applications 
it may be possible to fit the electrolyser in the tank, thereby 
saving some 500 g for the mass of its container; but to meet 
the more general case this has not been assumed at present. 

The power required to electrolyse the water at a rate 
sufficient to produce the 2 dynes of average thrust required 
during the useful life of the satellite is 2 31/500 1/8 watt. 
This is well within the 5 watts of continuous power allowed 
for the control system 

Summarizing this data on the mass of the system’s com- 
ponents we have: 
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Electrolyser with container ; 1500 g 
Electrolyser power converter Bs és 500 g 
H.T. ignition system te cr a 300 g 
Fuel control valve and relay ; 70 g each 
Thrust motor (0:2 N) comprising chamber, 
nozzle and igniter = 7 ns 
Therefore 2 control valves and thrust 
motors for spin stabilized satellite .. = 240g 
Therefore 8 control valves and thrust 
motors for fully stabilized satellite .. 960 g 
Therefore total for spin stabilized satellite 2540 g 
Therefore total for fully stabilized satellite 3260 g 
Figure 4 shows the estimated mass vs. impulse performance 
for an electrolysed water system for both fully stabilized and 
spinning satellites. 


50 g each 


8. Plasma Thruster Systems 

Unlike the other systems which have been discussed so far, 
the specific impulse of a plasma thruster is completely 
dependent upon the electrical power available per unit thrust 
required. From calculations it appears that to provide an 
average thrust of 500 dynes using 50 watts of electrical power 
it should be possible to obtain a specific impulse of 1220 sec. 
However, when allowance is made for the weight of the gas 
(fuel) bottle, this may be reduced to 530 sec. 

During the station keeping and attitude control phase, 
subsequent to the initial acquisition of station, it has been 
assumed that 5 watts of power would be available. Since 
the average thrust required for this period is only 2 dynes it 
should, theoretically, be possible to operate at a higher S.I. 
during this phase. However, this would involve changing 
the voltages throughout the system, which would probably 
entail a greater mass penalty than the possible small saving 
in fuel. It has therefore been assumed that the effective S.I. 
of the system is 530 sec throughout the life of the satellite. 
It is unnecessary to allow any degradation in this figure for 
the spinning satellite case, since the plasma thruster should 
provide very short pulses. The components required for the 
system and their estimated masses are :— 

Power converter and charging unit 3000 g 

Capacitors “i sp He is 1910 g 

Reducing valve a “x 1 250 g 

Fuel control valve and thruster - 600 ge 

Therefore 2 control valves and thruster 

for spin stabilized satellite “a 1200 g 

Therefore 8 control valves and thruster 

for fully stabilized satellite 

Therefore total for spin stabilized satellite 

Therefore total for fully stabilized satellite 


4800 g 

6360 g 

9960 g 
Using these figures the estimated mass vs. impulse per- 

formance for a plasma thruster system is shown in Fig. 5 for 

both spinning and fully stabilized satellites. 


9. Discussions of Results 

The estimated performances of the various systems con- 
sidered are compared in Figs. 6 and 7 for spinning and fully 
stabilized satellites respectively. However, before reviewing 
these in detail, we consider first the implications of some of 
the assumptions about the satellite requirements which were 
made in Section 2 

Three of these assumptions are very important when com- 

paring the merits of the various systems. These are: 

(1) That the power supply available during the initial 
station acquisition is 50 watts. 

(2) That the mass of this 50 watt supply can be ignored 
for the period of the initial station acquisition, i.e., 
it can be “borrowed” from the satellite’s operational 
power supply without debiting the propulsion system 
with an equivalent mass penalty. 
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Fig. 7. System masses for fully stabilized satellite. 


(3) That the time available for applying the initial velocity 
increment and positioning the satellite is 2 « 10® sec 
= 3 weeks. 

The use of electrical propulsion systems, either plasma or 
electrolysed water, may well be ruled out if any of these three 
assumptions are appreciably incorrect. It takes several tens 
of watts of electrical power to produce a thrust of even 500 
dynes, so it would be impossible to complete the manoeuvre 
of putting the satellite on station within a reasonable period 
unless the satellite can supply power of this order. It would 
be equally impossible to use an electrical system unless some 
three weeks can be allowed for this manoeuvre, since even 
more power would be required to complete the acquisition 
quickly. Finally, if the satellite power supply system has to 
be enlarged to provide the extra 50 watts for the propulsion 
system, then the increased power supply mass of 25 kg should 
be debited to the mass of the propulsion system. This would 
render both the electrical systems considered in this review 
completely uncompetitive when compared with the other 
systems. If, however, the three assumptions are valid, then 
these performance estimates indicate that an electrolysed 
water system will be the lightest for total impulse require- 
ments greater than about 6000 N sec for a spinning satellite 
and 4000 N sec for a fully stabilized design. 

The plasma thruster system is uncompetitive for the 
requirements considered here. Due to the power supply 
limitation the S.I. likely to be achieved by the plasma system 
is only about 1220 sec, which will be reduced to 530 sec for 
the effective S.1. when the mass of the fuel (gas) storage bottle 
is included. Although this S.I. figure is the highest of all the 
systems considered, it is not high enough to offset the large 
“dead” mass of the system within the assumed total impulse 
requirements. This high dead mass is due to the capacitors 
and voltage conversion equipment which this system needs. 

It is apparent from both Figs. 6 and 7 that the liquefied gas 
systems, even when superheated, are not competitive for such 
applications as those considered here. The main use for 
such systems would be for satellites requiring attitude control 
only, for which the total impulse needed would probably be 
less than 3000 N sec. At such energy levels the slight mass 
penalty entailed by employing a less sophistucated system is 
probably justified on the grounds of increased simplicity and 
reliability. 

Of the two chemical systems considered, it anpears that 
hydrazine would be noticeably lighter than H.T.P., although 
it should be emphasized that the mass of the H.T.P. system 
was estimated from fairly firm experimental data, while 
hydrazine systems are not well known to us. Nevertheless, 
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the apparent superiority of hydrazine is such that its estimated 
performance, already probably conservative, could be 
appreciably in error without losing its advantage over H.T.P. 
When account is also taken of the unpleasant handling and 
storage characteristics of H.T.P. and of the danger of its 
decomposition by cosmic radiation, it becomes even more 
certain that hydrazine is the most promising choice of the 
chemical and stored gas systems. If any of the three critical 
assumptions concerning the availability of the satellites 
power supplies were invalid, then a hydrazine system appears 
to provide the best solution. 

If we compare in detail a hydrazine system with an electro- 
lysed water system for a spinning satellite application, some 
interesting figures emerge. At a total impulse of 2000 N sec 
the hydrazine system is about | kg lighter than the electrolysed 
water, at 6000 N sec they are equal, while at the assumed 
design requirement of 12000 N sec the electrolysed water 
wins by about 14 kg. For a fully stabilized satellite the 
electrolysed water system shows a further advantage of about 
‘ kg throughout the range, being some 2 kg lighter at the 
assumed design requirement of 12000 N sec. Thus over 
this energy range the masses of the two systems do not differ 
by more than 14°, of the assumed satellite mass for a spinning 
satellite and 2°, for a fully stabilized design. 

If the masses of the various systems considered are com- 
pared for both a spinning and a fully stabilized satellite, it is 
found that the relative merits of the various systems for the 
two applications are, fortunately, only changed in detail. 
Therefore it is unnecessary to develop two different systems 
to cater for the two possible applications. The “dead” mass 
of equipment for the fully stabilized satellite is always higher 


than for the spinning design, due to the increased number of 


jets or thrusters required. For some fuels, such as H.T.P. 
the effective S.I. for the spinning satellite is reduced, due to 
the rapid pulsing required. Consequently at high energy 
levels the mass of such a system for a fully stabilized design 
may be less than for the spinning case, in spite of the higher 


dead mass. However, in general, the mass of a system for a 
spinning satellite will be less than for a fully stabilized design. 
It will also be simpler, and by suitable design the problems of 
operation under zero-g conditions, which will arise in a fully 
stabilized satellite, may be avoided. 


10. Conclusions 


(1) An electrolysed water system offers the lightest com- 
bined attitude and orbit control system for the requirements 
stated in Section 2. It may, however, suffer from severe 
operational limitations during initial station acquisition, due 
to its high electrical power requirements. 

(2) A hydrazine system should be only marginally heavier 
than an electrolysed water system, without suffering from 
any severe operational restrictions. It therefore seems that, 
for any initial U.K./European station keeping satellites, 
development work should be concentrated on a hydrazine 
system. 

(3) For longer term projects it seems sensible to continue 
research and development on electrolysed water and plasma 
systems, since they have potentially better performance for 
high total impulse requirements. 

(4) A control system for a spinning satellite should be 
simpler and lighter than for a fully stabilized design: it can 
also avoid the problems associated with the behaviour of 
fluids under zero-g conditions. 

(5) The liquified gas systems are not competitive for 
satellites requiring impulses larger than about 3000 N sec. 
Even at this level they are appreciably heavier than the other 
systems, but this can probably be tolerated to gain the 
advantages of their greater simplicity and reliability. 

(6) It is unnecessary to develop systems using different 
fuels for spinning and fully stabilized satellites;-the same 
basic system should suffice for both applications. 
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Voices from the Sky. By Arthur C. 
Clarke, Gollancz, 1966, 240 pp., 
25s. 

With such a title, one could be for- 
given for expecting a work of science 
fiction. The clue, however, lies in the 
chapter of the same heading dealing with 
communication satellites, in the author’s 
earlier work, Profiles of the Future. 


In fact this book subtitled Previews of 


the Coming Space Age, is a collection of 
essays, many of which have _ been 
published previously as articles or 
papers. The book is divided into three 
sections, each of which contains a 
number of essays grouped loosely under 
a common heading, together with an 
appendix. 

The first section consists of ten essays 
concerned with astronautics and astro- 
nomy and the author ranges over such 
topics as the effect of space travel on 
Man, the uses of the Moon, the possi- 
bility of the existence of intelligent life 
in the Universe and the Earth’s environ- 
ment. 

The most stimulating chapter in this 
section is undoubtedly ‘Space Flight 
and the Spirit of Man.” Mr. Clarke 
likens Man’s step into space to that 
taken by our primeval ancestors when 
they left the sea and adapted to life on 
dry land, suggesting a similar quantum 
jump in our development. 

The four pieces in the second section 
deal with various aspects of communica- 
tion satellites particularly as they will 
affect human society. The appendix is 
also related to this section being a 
reprint of the author’s “Extraterrestrial 
Relays” which appeared in Wireless 
World for October 1945. 

Of the nine shorter pieces contained 
in the final section and dealing only 
peripherally with astronautics, two are 
of special interest to SF fans in being 
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about science fiction. ‘“‘H. G. Wells 
and Science Fiction” describes the 
contributions of that great writer, while 
“Kalinga Award Speech” is required 
reading for those who need convincing 
that science fiction has a real contribu- 
tion to make to both science and litera- 
ture. 

The value of this very readable book 
is that it collects together into one 
volume a number of interesting essays, 
few of which one would normally have 
the opportunity to read. The substance 
of several of the pieces has been used in 
earlier publications but all who appreci- 
ate Mr. Clarke’s relaxed, knowledgeable 
style will want to read, though probably 
not buy, this, his latest book. 


P. BRUNT. 


The Images of Space. By H. L. Good- 
win, Rinehart and Winston, 1965, 
189 pp., 16s. 


This is one of the most interesting 
books that I have read for a long time, 
in spite of its rather peculiar title. It is 
concerned with the effect of space on 
public opinion and contains the reports 
of many private and public opinion polls 
at different stages in the development of 
space exploration over the past 8 years. 
It concludes that the general view is that 
the U.S.S.R. has achieved a significant 
increase in technological stature as a 
result of its space activities, and has also 
scored heavily in propaganda results, 
though American response, with its 
emphasis on ‘“‘audience-participation” 
has also had considerable effect. 

The volume abounds with interesting 
comment and discussion and the author 
does not hesitate to take to task 
opponents of space activities, particu- 
larly those decrying the heavy expendi- 
ture on Apollo, from the highest to the 
lowest. 


He also underscores the point that 
space is primarily a technological (i.e., 
not a scientific) area, where the engineer 
is in the forefront and the scientist some 
way behind. He does not quote Sir 
Harrie Massey’s remark that “We 
scientists are in the nature of parasites 
with regard to space activities’’—though 
he might well have done so. He points 
out that the scientist is regarded by the 
layman as “the” authority, but when 
speaking outside the discipline in which 
he has training, study and experience, 
he speaks only as an amateur, and is 
just as likely to go off half-cocked as 
anyone else when asked for opinions on 
matters outside his competence. 

The book abounds with quotable 
comments and, in fact, many of the 
points are made as a result of quotations 
from others. 


Among other things, the author dis- 
cusses the ‘“why-don’t-we-spend-the- 
money-on-something-else” school of 
thought and replies that a vigorous 
space programme not only increases 
total wealth, but also the ability to 
improve the overall standard of living. 
Rather than draw off money from other 
purposes, it increases the total resources 
available for all uses. 

In regard to the comment that the 
money might better be spent in helping 
under-developed countries, he quotes 
Senator Fulbright as replying that 
““Where we have given the most aid, we 
have inspired the most antagonism.” 
He might also have mentioned that both 
America and the countries of Western 
Europe were “under-developed’’ for a 
long time and achieved their present 
standard of living as a result of their own 
efforts. 

In short, the author points out that 
there is a requirement for everyone to 
do much more in advocating space in an 
intelligent and enlightened way. His 
book is a contribution in this direction 
which provides considerable aid in this 
task. 

L. J. CARTER. 


Berrill, 
London, 


Worlds: Apart. By N. J. 
Sidgwick and Jackson, 
1966, 240 pp., 25s. 

The author occupies the Chair of 
Zoology at McGill University, and his 
book is subtitled “A_ reflection on 
Planets, Life and Time.” It is an 
attempt to deduce the kind of life we 
can reasonably expect to be capable of 
existence upon other planets of the 
Solar System, based upon the way in 
which life has evolved under the chang- 
ing environment of the Earth. Within 
this framework the author is able to 
range over a very wide field. Although 
the book is concerned principally with 
“exobiology,”’ the science of life in space, 
within this field almost all biological 
topics are relevant, and the author 
speculates upon space exploration, the 
duration of life, possible lines of 
evolution under different types of 
environment, the roles played by 
gravity, water, natural selection and 
mental processes upon evolution, and 
many other topics. All these subjects 
are, however, admirably connected to 
the central theme to make an extremely 
interesting book. 

The book is intended for the layman, 
and as such it is written in a simple and 
often picturesque style. This latter is 
sometimes overdone, as when on page 
71 we read about Jupiter “blowing and 
rumbling as it spins round. This is 
more Holst than astronomy. 
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The author strives for simplicity both 
in his language and in his analogies, and 
is generally successful in his presenta- 
tion. Occasionally however something 
goes wrong, either in that he is too 
simple or else his physics is not of the 
same standard as his biology. For 
example, on pp. 91, statements about 
gravity and the action of a centrifuge 
both give a wrong impression. It is not 
true that gravity acts only upon materials 
which are denser than their surround- 
ings, and in a centrifuge it is the 
heaviest portions that tend to move 
away from the axis of rotaion more than 
the lightest. On p. 2i7 the statement 
is made that living matter is not sub- 
jected to the laws of relativity, which 
seems to be a rebirth of the vital force 
ideas of life and has certainly no 
support in physics. On p. 229 the 
author shifts his ground on centripetal 
force, and suggests that the spin of the 
Earth causes heavy metals to sink to the 
centre. And what can one make of 
the section on p. 223, which is, “To 
travel through space, if it is to mean 
anything at all, is to travel through 
time. Here is the real excitement, for 
whereas to travel through nothing 
arrives at nothing, journeying through 
time is to move in the fourth dimen- 
sion’? The reader feels that the 
exuberance and enthusiasm of the 
writer has sometimes proved too strong. 
Yet in spite of these dubious statements, 
which may confuse the layman, the fact 
that the book was obviously written with 
enthusiasm tends to outweigh the 
obscurities which may offen’ the 
scientist. The book is extremely in- 
teresting and makes fascinating reading 
It is thoroughly recommended to those 
who want to get away from the usual 
astronautical topics, and let their 
imaginations roam a little. The reader 
will also learn 2 lot about biology in the 
process 

There is an index and reading list, and 
the book is well produced and reason- 
ably priced 

N. H. LANGTON. 


Islands in Space The Challenge of the 
Planetoids. By Dandridge M. Cole 
and Donald W. Cox, Chilton 
Books, New York, and Bailey Bros. 
& Swinfen, Ltd. London, 1964, 
276 pp., $6.95 (63s.). 

Once in a while a book appears on the 
astronomical scene which is not only 
different but refreshingly so. This is 
such a book. Treatment of the subject 
is unorthodox but even were it not the 
book would still make an impact, for 
the asteroids, minor planets, planetoids 
or whatever title is given to them, have 
been strangely disregarded by science 
writers over the years. With Icarus 
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hurtling toward a_ probably ciose 
approach to Earth in June 1968, the 
time seems very appropriate for such a 
volume! 

Admittedly these tiny planets are 
trivial when compared to the great 
flaring suns and wheeling galaxies of 
space’s greatest deeps. But so also are 
the Moon and Mars (to mention but 
two) yet the literature concerning those 
bodies is extensive. 

The writers of this attractively pro- 
duced volume have not been content 
merely to describe this fascinating and 
intriguing family of midget worlds but 
have extrapolated the theme to cover 
their potential as subjects for future 
exploration, exploitation and perhaps 
even colonization. Admittedly this 
opens the gates to no small degree of 
speculation yet at very few points could 
it justifiably be said that the necessary 
degree of tight rein over this practice 
has been relaxed. It is always as well to 
remember that much of yesteryear’s 
speculation is today’s accomplished fact. 

The book comprises seventeen chap- 
ters and includes as well an appendix, 
glossary, bibliography and index. In 
addition there are sixteen black and 
white plates, several of a particularly 
fascinating nature. 

Chapters | and 2, largely factual, are 
essentially a history of the asteroids and 
the romance concerning their discovery. 


Chapter 3 deals with the need for a 
long-range manned space programme, 
and stresses the need for the Asteroids 
to be integrated with any such scheme. 


Chapters 4 and 5 are devoted to a 
fairly extensive description of the 
Asteroids in the light of our present 
knowledge. 

Chapter 6 is largely concerned with 
the use to which unmanned probes to 
the Asteroids might conceivably be put 
while Chapters 7 and 8 deal with the 
astronautical technicalities of reaching 
them. 

From Chapter 9 onwards the contents 
of this book become increasingly 
speculative—and increasingly intriguing. 
We learn how life may exist on the 
planetoids, how man may be able to 
fashion a planetoid home, of the 
eventual and compelling need for 
colonies in space. We see how the 
planetoids might serve as “stepping 
stones in space’’—as island bases were 
once used to help early explorers reach 
the far shores of the great Pacific. 

In all these themes the reader is left 
not only with a conviction of feasibility 
but indeed of inevitability—a certainty 
that these things wi// come and at a point 
in time which our rapidly developing 
space technology will not render too 
distant. 


Chapters 10, 13 and 15 dwell on 
matters and ideas which almost certainly 
belong to the more remote future. It is 
possible that here there may be readers 
who will not find themselves in entire 
agreement with every aspect presented. 
Nevertheless the authors are displaying 
considerable breadth of vision and it will 
be surprising if much that is forecast in 
these chapters does not eventually come 
to pass. The greatest visionaries of 
history were never 100°, accurate—nor 
could they be expected to be. The 
same concessions must be granted to 
those who today can discern the far 
horizons over the murk and mists of the 
present. 


The reviewer has certain reservations 
about Chapters 16 and 17. The theme 
of the former is “War and Peace in 
Space”’ and enlarges on the theme of 
small planetoids as possible controlled 
space weapons of the future and of the 
value of such objects as an “insurance 
policy for peace.” Most of the argu- 
ments presented here are extremely 
logical and well-considered and it seems 
unlikely that many readers will find 
themselves seriously at variance with 
them. Visions of the future, however, 
seem less tempting, less idyllic when 
clouded by the realization that man may 
be about to transfer much of his capacity 
for self-destruction into space. Yet it 
would be wrong to infer that this 
chapter should not have been included 
and the authors have displayed no small 
degree of courage in doingso. Prophets 

nust, after all, deal with trends and likely 

possibilities as historians and scientists 
deal with events and facts—as they 
find them, not as they might like them 
to be. 


Chapter 17, entitled ““By Planetoid to 
the Stars,” is concerned with the “pros 
and cons” of interstellar travel. Though 
the chapter is well presented it is difficult 
to equate this subject with that of the 
Asteroids. The authors’ main theme is 
that though the Proxima/Alpha Cen- 
tauri system is too remote for practical 
purposes there must be number of dark 
or defunct stars lying much closer to the 
Solar System. Though this constitutes 
a possibility the chances against it seem 
at present rather more valid—and in any 
case what use is a dead sun even if sur- 
rounded by equally dead, cold and 
lifeless planets? 

These however should be regarded as 
merely minor criticisms. This book is 
fascinating material and food for much 
thought. It is a long time since this 
reviewer enjoyed reading one quite so 
much. The fact that he has already 
ordered his own copy should serve to 
substantiate this! 


J. W. MACVEY. 
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Organized by the Society of Automotive Engineers (S.A.E.) and Co-Sponsored by the B.I.S., S.F.A., D.G.R.R., and A.I.R. 


9-12 May 1967. At Rickey’s Hyatt House Motel, Palo Alto, California 
(near NASA/Ames Research Center, Moffett Field, California). 


THEME: LOW COST ORBITAL TRANSPORTATION 


Preliminary Programme: 


Tuesday, 9 May 1967—9 a.m. 
Introductory Session— 


Future Development of Economical Launch Vehicles 


Tuesday, 9 May 1967—2 p.m. 


Space Vehicle System Concepts—Near Term 


(1) “Survey of the Principal Economic Factors in Near- 
Term Launch Vehicle Concepts,” by W. Wetmore. 


(2) “Near-Term Reusable Rocket Launch Vehicle 
Concepts,” by G. Karel. 


(3) ‘‘The Solid-Boosted Saturn S-IVB Stage as a Low- 
Cost Expendable System," by R. P. Dawson and 
W. H. Siegfried. 


(4) “Low-Cost Boosters,” by J. E. Martin. 


Tuesday, 9 May 1967—6 to 8 p.m. 
Tour of United Technology Center, Sunnyvale, Calif. 


Wednesday, 10 May 1967—9 a.m. 


Space Vehicle System Concepts—Far Term 

(1) A Survey Paper, by C. Builder. 

(2) “The Enigma of Booster Recovery—Ballistic or 
Winged?" by P. Bono, F. Senator and D. Garcia. 

(3) “Systems Design Considerations for Orbiting- 
Logistics System,” by W. Fellenz and C. M. Akridge. 

(4) “A Comparison cf Fixed-Wing Reusable Booster 
Concepts,” by R. A. Nau. 


Wednesday, 10 May 1967—-2 p.m. 


European Reusable Launch Vehicle Studies 

(1) “An Italian Approach to Reusable Low-Cost 
Rockets,” by Cdr. G. Partel, Dr. P. Laurienzo and 
Dr. F. Diamantini. 

(2) “A West-German Approach to Reusable Rocket 
Vehicles,” by Dr. J. Lambrecht. 

(3) “A French Concept for an Aerospace Transporter,” 
by H. Deplante. 

(4) “A British Reusable Booster Concept,” by T. W. 
Smith. 


Thursday, 11 May 1967—9 a.m. 


Operations and Economics 


(1) “Review of Present and Future Space Operations,” 
by J. Bell. 


(2) ‘Cost Model for Advanced Launch Vehicles," by 
M. C. Heuston, J. G. Fish and E. C. Bradley. 


(3) ‘Operational Experience of the X-15 as a Reusable 
Vehicle System,” by J. E. Love and W. R. Young. 


(4) ;“Launching the Saturn Vehicles,” by Gen. J. G. 
Shinkle. 


Thursday, 11 May 1967—Noon to 2 p.m. 


Tour of NASA/Ames Research Center, Moffett Field, 
California 


Thursday, 11 May 1967—2 p.m. 


Partially Recoverable Systems 
(1) A Survey Paper, by Howard Keyser. 


(2) “An Economic-Technical Analysis of a Partially 
Reusable Space Vehicle System,” by H. Clark and 
S. Hislop. 


(3) ‘Variable Geometry Booster Concepts,” by H. F. 
Wuenscher. 


(4) “Titan IIIB Launch Vehicle Recovery Experiment,” 
by J. Dunn. 


Friday, 12 May 1967—9 a.m. 


Pacing Technology Implications 
(1) A Survey Paper, by A. Watton. 
(2) “Advanced Propulsion Survey,” by Del Tischler. 


(3) ‘Advanced Structural Technologies,” by E. Gomer- 
sall. 


(4) “Recovery Systems,” by J. W. Kiker. 


Further particulars of this important international meeting can be obtained on application to the Executive Secretary. 
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Forthcoming Meetings 


Film Show 
To be held in the Science Museum Lecture Theatre (en- 
trance in !mperial Institute Road) on 9 February 1967, 
commencing at 6.30 p.m. 

The programme will include the following :— 

(a) Navigation by Satellite. 

(b) Destination Where? 

(c) Moment in History. 

(7) Ten Years to Remember. 

(e) The Red Planet Mars. 
Admission will be by ticket only, available from the Execu- 
tive Secretary on enclosing a small reply-paid envelope. 


THE SOCIETY'S SPRING MEETING 


This will be held at Loughborough University of Technology 
on 5-6 April 1967 from 9.30 a.m. to 4.30 p.m. each day. 


The programme will include the following :— 


All-day Excursion 

This will be by private coach from the University to Bristol 
Siddeley Engines Limited at Ansty, Coventry, on 5 April 
1967 with return to Loughborough University of Technology 
for a Banquet and an Address by a Guest of Honour. 

The number in the party will need to be restricted. 


Technical Sessions 
The two Technical Sessions will open at 9.30 a.m. on 
6 April 1967. The programme is being compiled and papers 
accepted to date are as follows:— 
(a) Altitude and Thermal Control of Satellites. 
(i) “Gravity-Gradient Stabilization of Synchronous 
Orbiting Satellites,” by P. M. Bainum. 
(ii) “Thermal Design and Testing of the ESRO II 
Satellite,"" by P. Brunt and P. J. Conchie. 
(iii) ““Gas-Jet Systems from a Practical Viewpoint,” 
by B. P. Day. 
(iv) “The Application of lon Engines to Satellite 
Control,” by A. E. Joyce. 
(v) “Principles and Techniques in the Passive 
Thermal Control of Spacecraft," by E. C. 
Semple. 
(vi) “Modern Dynamic Formalisms for multi-body 
Satellites,’ by Dr. R. E. Roberson 
(vii) “The Design and Development of Components 
for Pulse-Gas Satellite Attitude Control Sys- 
tems," by K. E. Nichols. 


(b) Concepts and Designs of Re-Usable Booster Stages. 
(i) “A British Approach to the Re-usable Space 
Transporter,” by T. W. Smith. 
(ii) “Thermal Protection for Re-usable Booster 
Stages,” by Dr. J. Borchmann. 
(N.B.—Other papers are in course of arrangement.) 


General Session 


“ELDO Perigee-Apogee Satellite for Communications 
Satellite Applications,” by G. K. C. Pardoe. 


Registration 
Registration is necessary. There is no registration fee 
but a nominal sum to defray luncheons, refreshments and 
accommodation is required. The cost of the Banquet and 
transport for the excursion are optional extras. 
Registration forms for those wishing to attend will be sent 
on enclosing a foolscap reply-paid envelope. 


2ND SPACE TECHNOLOGY CONFERENCE 
Organised by the Society of Automotive Engineers and Co- 
sponsored by the B.1.S., S.F.A., D.G.R.R. and A.I.R. 

This will be held at Rickey’s Hyatt House Motel, Palo 
Alto, California, U.S.A. during the period 9-12 May 1967. 


The basic theme of the Conference is Low-Cost Orbital 
Transportation with an outstanding programme of papers 
from both America and Europe. 


A detailed programme appears on the previous page. 


7TH EUROPEAN SPACE SYMPOSIUM 
(co-sponsored jointly by the B.I.S., S.F.A., D.G.R.R., and 
A.I.R., with the support of EUROSPACE). 

To be held in Bordeaux, France, 22-241 May 1967. 

Theme: “Space Telecommunications for Europe.” 

Approx. 20-24 papers will be presented during 3-day 
technical sessions, to be followed by a one-day excursion. 

Papers will deal with European policy concerning space 
communications, mission requirements, European laun- 
chers and satellites, plus ground equipment and installa- 
tions. 

Simultaneous translation will be provided. 

Registration forms, hotel registration forms, etc., will be 
available shortly. Initial application for further details 
should be made to the Executive Secretary enclosing a 
foolscap reply-paid envelope. 

Details of the final programme will be announced later. 
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